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ABSTRACT 
Introduction:   
  
                Eye drops may be contaminated during their usage due to the repeated opening or 
 
 its contact with infected eye tissue and patient hands. Antimicrobial preservatives prevent or 
 
 limit the contamination growth. To assure the Efficacy of antimicrobial preservation will  
  
 guarantee safe pharmaceutical products. 
 
:sObjective  
  
          The general objective of the study is to test the efficacy of antimicrobial preservation 
 
 in eye drops. While the specific objectives are: To challenge eye drops with standard 
 
 microorganisms and To follow the survival of test organism by a viable count over a period 
 
 of 28 days. 
  
:sand method sMaterial 
                                 
                Efficacy of antimicrobial preservation has been tested for the following eight 
 
 samples which represent all types and concentrations of preservatives being used in eye  
  
 drops in Sudan. The samples were collected from different community pharmacies around 
 
 Khartoum in the period between June 2007 and March 2008: 
                                                          
preservativeProduct
Benzalkonium chloride 0.1mg/mlFlumetol Semplice eye drops (Farmila- Thea 
Farmaceutici; Italy)
Benzalkonium chloride 0.8mg/mlOcumethyl eye drops (Alexandria co. for 
pharmaceutical- Alexanria; Egypt),
Cetrimide 
0.02 mg/ml
Rinosin nasal and ophthalmic drops (Pharco 
pharmaceuticals- Alexandria; Egypt)
Methyl para hydroxy benzoate and 
Propyl para hydroxy benzoate 0.03 and 
0.02 mg/ml respectively.
Colircusí Cicloplej'ico eye drop (Alcon cusí- 
Barcelona; Spain)
Benzalkonium chloride 0.2mg/mlOphtamesone sterile drops for eye, ear and nose 
(Dar Al Dawa, Na'ur; Jordan)
Benzalkonium chloride 0.05mg/mlSpersallerg eye drops ophthalmic solution 
(Novartis ophthalmics AG Hettlingen for Novartis 
Pharma AG Basle; Switzerland)
Benzalkonium chloride 0.1mg/mlMatorane 0.5% eye drops solution (Lavipharm; 
Greece)
Thiomersal 0.04 mg/mlNaclof eye drops ophthalmic solution(Novartis 
ophthalmics AG Hettlingen for Novartis Pharma 
AG Basle; Switzerland)
v 
 
 
           These organisms: Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC   
  
 27853, Candida albicans ATCC 7596 have been challenged for survival in eye drop 
 
 samples for 28 days according to B.P. 2005, USP.2007 and European Pharmacopoeia 2006 
 
 standard "Test for the efficacy of antimicrobial preservation". Two validation methods were 
  
 applied. The first one based on the increment of the inoculum size by: 10, 102,103 for the  
  
 same standard test procedure and criteria of acceptance. The Second one depend on 
 
 monitoring the normal growth of the challenged micro-organisms without preservatives for  
  
 the same standard test interval and criteria of acceptance.  
     
:sResult  
          
            All the samples show acceptable results. This fact directs the attention towards the 
 
 other characteristics of the preservative; e.g. toxicity, compatibility with other components 
 
 of the formula … etc. The study showed that the concentrations of Benzalkonium chloride 
 
 in Spersallerg eye drops ophthalmic solution (Novartis ophthalmics AG Hettlingen for 
 
 Novartis Pharma AG Basle; Switzerland) and Rinosin nasal and ophthalmic drops (Pharco 
 
 pharmaceuticals- Alexandria; Egypt) are below the limit of the preservative recommended 
 
 by Wade & Weller 2003 in Hand book of pharmaceutical excepient. On the other hand  
  
 Ocumethyl eye drops (Alexandria co. for pharmaceutical- Alexandria; Egypt) contains four 
 
 times the maximum concentration of Benzalkonium chloride written in the previously 
 
 mentioned reference. 
 
 Conclusion:   
 
        The eye drop samples collected from different community pharmacies around Khartoum  
  
 comply with the international specifications of the efficacy of antimicrobial preservation. 
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ﺺﻠﺨﺘﺴﻤﻟا  
  
 ﻤﻟاﺔﻣﺪﻘ:  
  
          ﺘﺗ راﺮﻜﺘﻟ ﺔﺠﻴﺘﻧ ﺎﻬﻟﺎﻤﻌﺘﺳا ﺪﻨﻋ ثﻮﻠﺘﻠﻟ ﺔﻤﻘﻌﻤﻟا ﺔﻴﻨﻴﻌﻟا تاﺮﻄﻘﻟا ضﺮﻌﺔﻴﻠﻤﻋ ﺢﺘﻔﻟا و ﻬﺘﺴﻣﻼﻣ وأ ﻞﻔﻘﻟا ﺎ ﻦﻴﻌﻟا ءﺎﺸﻐﻟ  
  
أ بﺎﺼﻤﻟاﺔﻔﻴﻈﻨﻟا ﺮﻴﻏ ﺾﻳﺮﻤﻟا يﺪﻳأ و .ه ﺔﻈﻓﺎﺤﻟا ةدﺎﻤﻟا ﺔﻔﻴﻇوﻚﻟذ و ﺔﻴﻨﻴﻌﻟا ةﺮﻄﻘﻟا ثﻮﻠﺗ ﻊﻨﻣ ﻲ  ﻮﻤﻧ و ﺮﺛﺎﻜﺗ ﻊﻨﻣ وأ ﻞﺘﻘﺑ  
  
ﻢﻴﺛاﺮﺠﻟا.  سﺎﻴﻗﺔﻈﻓﺎﺤﻟا ةدﺎﻤﻟا ﺔﻴﻠﻋﺎﻓ ﺘﺴﻤﻟا ﺔﻴﻧﻮﻣﺄﻣ ﻦﻤﻀﻳﺔﻴﻧﻻﺪﻴﺼﻟا  تاﺮﻀﺤ.  
  
 فاﺪهﻷا:  
           
           نﻮﻴﻌﻟا تاﺮﻄﻗ ﻲﻓ ﺔﻈﻓﺎﺤﻟا داﻮﻤﻟا ﺔﻴﻠﻋﺎﻓ ﺔﺳارد ةﺪﻤﻟ ﺎهﻮﻤﻧ ﺔﺒﻗاﺮﻣ و ﺔﻳرﺎﻴﻋ ﺎﻳﺮﺘﻜﺑ لﺎﻤﻌﺘﺳﺎﺑ ﻚﻟذ و28 ﺎﻣﻮﻳ.  
  
ﺚﺤﺒﻟا ﺔﻘﻳﺮﻃو داﻮﻣ:  
  
         ﻤﻟا ﺔﻴﻠﻋﺎﻓ رﺎﺒﺘﺧا ﻢﺗﻮﻋ تاﺮﻄﻗ ﻲﻧﺎﻤﺛ ﻲﻓ ﺔﻓﺎﻀﻤﻟا ﺔﻈﻓﺎﺤﻟا داﺔﻴﻨﻴ  ﺎهﺰﻴآاﺮﺗ ﻒﻠﺘﺨﻤﺑ ﺔﻈﻓﺎﺤﻟا داﻮﻤﻟا ﻊﻴﻤﺟ ﻞﺜﻤﺗ  
  
نادﻮﺴﻟا ﻲﻓ ﺔﻠﻤﻌﺘﺴﻤﻟا . ﺖﻌﻤﺟ تﺎﻨﻴﻌﻟا ﻩﺬه ﻓ مﻮﻃﺮﺨﻟا تﺎﻴﻟﺪﻴﺻ ﻦﻣ ﻲﻟاﻦﻣ ةﺮﺘﻔ  ﻮﻴﻧﻮﻳ2007  سرﺎﻣ ﻰﺘﺣ و2008  و  
  
ﻲه :  
 
ﺎهﺰﻴآﺮﺗ و ﺔﻈﻓﺎﺤﻟا ةدﺎﻤﻟا  ﺞﺘﻨﻤﻟا  
Benzalkonium chloride 0.1mg/mlFlumetol Semplice eye drops (Farmila- Thea 
Farmaceutici; Italy)
Benzalkonium chloride 0.8mg/mlOcumethyl eye drops (Alexandria co. for 
pharmaceutical- Alexandria; Egypt)
Cetrimide 
0.02 mg/ml
Rinosin nasal and ophthalmic drops (Pharco 
pharmaceuticals- Alexandria; Egypt)
Methyl para hydroxy benzoate and 
Propyl para hydroxy benzoate 0.03 and 
0.02 mg/ml respectively.
Colircusí Cicloplej'ico eye drop (Alcon cusí- 
Barcelona; Spain)
Benzalkonium chloride 0.2mg/mlOphtamesone sterile drops for eye, ear and nose 
(Dar Al Dawa, Na'ur; Jordan)
Benzalkonium chloride 0.05mg/mlSpersallerg eye drops ophthalmic solution 
(Novartis ophthalmics AG Hettlingen for Novartis 
Pharma AG Basle; Switzerland)
Benzalkonium chloride 0.1mg/mlMatorane  0.5% eye drops solution (Lavipharm; 
Greece)
Thiomersal 0.04 mg/mlNaclof eye drops ophthalmic solution(Novartis 
ophthalmics AG Hettlingen for Novartis Pharma 
AG Basle; Switzerland)
  
                            ﺬه ﻲﻓ ﺔﻣﺪﺨﺘﺴﻤﻟا ﺎﻳﺮﺘﻜﺒﻟا ﺖﻧﺎآﻩ اﺔﺳارﺪﻟ ﻲه :Escherichia coli  ATCC  25922, 
 
Pseudomonas aeruginosa ATCC  27853, Candida albicans  ATCC 7596  رﺎﺒﺘﺧا درو ﺎﻤﻟ ﺎﻘﻓو  
  
ﺔﻴﻟﺎﺘﻟا ﺔﻳودﻷا ﺮﻴﺗﺎﺳد ﻲﻓ رﻮآﺬﻤﻟا ﺔﻈﻓﺎﺤﻟا داﻮﻤﻟا ﺔﻴﻠﻋﺎﻓ : ﻲﻧﺎﻄﻳﺮﺒﻟا ﺔﻳودﻷا رﻮﺘﺳد2005 ا رﻮﺘﺳد ،ﻲﻜﻳﺮﻣﻷا ﺔﻳودﻷ  
  
 2007  ﻲﺑروﻷا ﺔﻳودﻷا رﻮﺘﺳد و2006.  ﻢﺗ ﻲﺘﻘﻳﺮﻃ ءاﺮﺟاﺔﻈﻓﺎﺤﻟا داﻮﻤﻟا ﺔﻴﻠﻋﺎﻓ رﺎﺒﺘﺧا ﺞﺋﺎﺘﻧ ﻦﻣ ﺪآﺄﺘﻠﻟ ﻖﻴﻘﺤﺗ .ﻲﻓ  
  
 iiv
 
  ﻓﻲ اﻟﻄﺮﻳﻘﺔ اﻟﺜﺎﻧﻴﺔ. أﺿﻌﺎف 301,201 ,01اﻟﻄﺮﻳﻘﺔ اﻷوﻟﻰ ﺗﻢ ﻣﻀﺎﻋﻔﺔ ﺣﺠﻢ اﻟﺒﻜﺘﺮﻳﺎ اﻟﻤﻀﺎﻓﺔ اﻟﻰ اﻟﻘﻄﺮات اﻟﻌﻴﻨﻴﺔ ﺑﻤﻘﺪار 
  
  .ﻳﻮﻣﺎ  82ﺘﺮﻳﺎ اﻟﻄﺒﻴﻌﻲ دون ﺗﻌﺮﻳﻀﻬﺎ ﻟﻠﻤﻮاد اﻟﺤﺎﻓﻈﺔ ﻟﻤﺪة ﺗﻢ ﻣﺮاﻗﺒﺔ ﻧﻤﻮ اﻟﺒﻜ 
  
  :اﻟﻨﺘﺎﺋﺞ
        
  ة اﺧﺘﻴﺎر اﻟﻤﺎد وﺟﺪت ﻧﺘﺎﺋﺞ  ﺟﻤﻴﻊ اﻟﻌﻴﻨﺎت اﻳﺠﺎﺑﻴﺔ ﺑﺪرﺟﺔ ﻣﺘﻘﺎرﺑﺔ، اﻷﻣﺮ اﻟﺬي ﻳﺠﻌﻠﻨﺎ ﻧﻀﻊ ﻓﻲ اﻻﻋﺘﺒﺎر ﻋﻨﺪ          
  
  ﻧﺴﻬﺎ ﻣﻊ ﺑﻘﻴﺔ اﻟﻤﻜﻮﻧﺎت و ﻣﺄﻣﻮﻧﻴﺘﻬﺎ و ﻏﻴﺮهﺎﺗﺠﺎ: ﻣﺜﻞ ﻣﻤﻴﺰات اﻟﻤﺎدة اﻟﺤﺎﻓﻈﺔ اﻷﺧﺮى   اﻟﺤﺎﻓﻈﺔ ﻟﺼﻴﻐﺔ ﺗﺮآﻴﺒﻴﺔ ﻣﻌﻴﻨﺔ ﺑﻘﻴﺔ
  
  :ﻓﻲ اﻟﻌﻴﻨﺘﻴﻦ edirolhc muinoklazneBﻣﺎدة ال  آﺸﻔﺖ اﻟﺪراﺳﺔ ﻋﻦ اﺳﺘﻌﻤﺎ  .ﻣﻦ اﻟﺼﻔﺎت 
  
 GA scimlahthpo sitravoN( noitulos cimlahthpo spord eye grellasrepS \1
  
 .)dnalreztiwS ;elsaB GA amrahP sitravoN rof negniltteH
 
 .)tpygE ;airdnaxelA-slacituecamrahp ocrahP( spord cimlahthpo dna lasan nisoniR  \2 
 
  آﻤﺎ. 3002 ﻏﻴﺮ اﻟﻔﺎﻋﻠﺔﺔ ﺎ ﺟﺎء ﻓﻲ آﺘﺎب اﻟﻤﻮاد  اﻟﺼﻴﺪﻻﻧﻴﺑﺘﺮآﻴﺰ أﻗﻞ ﻣﻦ اﻟﺤﺪ اﻟﻤﺴﻤﻮح ﺑﻪ ﻻﺳﺘﻌﻤﺎﻟﻬﺎ آﻤﺎدة ﺣﺎﻓﻈﺔ آﻤ
  
 : ﻓﻲ ﻋﻴﻨﺔedirolhc muinoklazneB اﻟﺪراﺳﺔ ﺑﺎﺳﺘﻌﻤﺎل ﻣﺎدة ال   أوﺿﺤﺖ 
 
    )tpygE ;airdnaxelA -lacituecamrahp rof .oc airdnaxelA( spord eye lyhtemucO
  
  اﻟﺼﻴﺪﻻﻧﻴﺔ ﻏﻴﺮ ﺑﺘﺮآﻴﺰ ﻳﻌﺎدل أرﺑﻌﺔ أﺿﻌﺎف اﻟﺤﺪ اﻷﻋﻠﻰ اﻟﻤﺴﻤﻮح ﺑﻪ ﻻﺳﺘﻌﻤﺎﻟﻬﺎ آﻤﺎدة ﺣﺎﻓﻈﺔ آﻤﺎ ﺟﺎء ﻓﻲ آﺘﺎب اﻟﻤﻮاد
  
  .3002 اﻟﻔﺎﻋﻠﺔ 
  
  :ﺨﻼﺻﺔ اﻟ
  
  ﺖ ﻣﻦ ﺻﻴﺪﻟﻴﺎت وﻻﻳﺔ اﻟﺨﺮﻃﻮم ﻣﻄﺎﺑﻘﺔ ﻟﻠﻤﻮاﺻﻔﺎت اﻟﻌﺎﻟﻤﻴﺔ ﻓﻴﻤﺎ ﻳﺨﺘﺺ ﺑﻔﺎﻋﻠﻴﺔﻋﻴﻨﺎت اﻟﻘﻄﺮات اﻟﻌﻴﻨﻴﺔ اﻟﺘﻲ ﺟﻤﻌ          
  
  .اﻟﻤﻮاد اﻟﺤﺎﻓﻈﺔ 
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LITTERATEUR REVIEW  
 
PRESERVATIVE  
 
1- Definition: a preservative is a natural or synthetic chemical that is added to product 
 
 such as food, pharmaceuticals, paints, biological samples, wood …etc. to prevent  
  
 decomposition by microbial growth or by undesirable chemical changes. (en.wikipedia. 
 
org). In sterile pharmaceuticals it is added to protect the consumer against microbial 
 
 contaminants.                      
  
2- Properties of an ideal preservative: 
 
           The ideal preservative should posses the following properties: 
   
I) Broad spectrum of activity. 
 
II) Rapid rate of killing. 
  
III) Selective in reacting with the contaminants and not the formulation ingredients.  
  
IV) Non irritant and non toxic to the patient. 
  
V) Stable and effective through out the shelf life. 
  
VI) Low concentration is effective. 
 
                    Actually the preservative of choice might have only two or three of the above 
 
 mentioned properties. 
 
3- Antimicrobial preservatives can be classified in two main 
 
 categories: 
 
I) Detergent preservatives: such as benzalkonium chloride which acts upon  
 
microorganisms by altering permeability and lysing of cytoplasmic membrane and 
 
 releasing contents. Ocular toxicity can occur because detergent preservatives can  
  
 affect eukaryotic cells. Mammalian cells can not neutralize chemical preservative, 
 
 so the preservative is incorporated into the cell and causes cellular damage. 
  
 II) Oxidative preservatives: such as stabilized oxychloro complex and sodium 
2 
 
 perborate are usually small molecules that penetrate cell membrane and destabilize it, but 
 
 to a lesser degree than detergent preservatives. At low levels oxidative preservatives have 
 
 an advantage over detergent preservatives because they can provide enough activity  
 
against microorganisms while having only negligible toxicity on eukaryotic cells. This is 
 
 because many microorganisms do not have the ability to cope with oxidative stress. By 
 
 comparison mammalian cells are equipped with antioxidants; oxidases and catalases to 
 
 neutralize the effect of a low level oxidant.                 
 
4- The main chemical groups of preservatives are: 
  
       I) Alcohols: e.g. Ethanol. 
 
      II) Aldehydes: e.g. Formaldehyde. 
       
      III) Biguanides: e.g. Chlorhexidine. 
 
      IV) Halogens: e.g. Hypochlorite. 
 
      V) Peroxygens: e.g. Hydrogen peroxide. 
 
      VI) Phenolics: e.g. Chloroxylenol. 
  
      VII) Quaternary ammonium compounds: e.g. Cetrimide and Benzalkonium 
 
      chloride. 
       
      VIII) Organic mercurials: e.g. Thiomersal. 
 
      IX) Acid and esters: e.g. Sorbic acid and esters of p-hydroxy benzoic acid 
 
       (Parabens).  
 
5- Antimicrobial properties: the principal consideration is the activity of the 
 
 preservative against Pseudomonas aeruginosa which is the major source of serious  
  
 nosocomial eye infections. 
 
6- Factors affecting choice of antimicrobial agent: 
 
      I) Properties of the chemical agent. 
 
      II) Microbial challenge. 
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      III) Intended application. 
 
      IV) Environmental factors. 
 
      V) Toxicity of the agent.  
 
7- Benefits of preservative usage are: 
 
     I) Killing the bacteria or preventing its proliferation in pharmaceutical preparation.     
       
     II) Prohibiting spoilage of pharmaceutical preparation. 
 
     III) Protecting the patient against further infection. 
  
m chlorideBenzalkon 
 
1- Chemical name: alkyl dimethyl (phenyl methyl) ammonium chloride. 
 
2- Structural formula:   
  
  
  
  
 
 
  
 
 
 
                              
3- Empirical formula and Molecular weight: 
  
    [C6H5CH2N (CH3)2 R]Cl          360 (average) 
  
              Benzalkonium chloride is a mixture of alkyl benzyl dimethyl 
 
 ammonium chlorides of  various alkyl chain lengths. It is a nitrogenous cationic surface 
 
 active agent belonging to the quaternary ammonium group. 
 
4- Color: ranging from clear to pale yellow. 
  
5- Odor: faint almond like odor which is only detectable in concentrated solutions. 
  
6- Taste: bitter. 
  
7- pH: neutral to slightly alkaline. Inhibitory activity increases with pH 4-10. 
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8- Solubility: very soluble in alcohol (ethanol 95%, methanol and propanol), acetone 
 
 and water. The anhydrous form is soluble 1 in 100 of ether. Aqueous solutions of  
  
 benzalkonium chloride foam when shaken, have a low surface tension and posses  
  
 detergent and emulsifying properties. 
                                  
9- Biocidal activity: is associated with the C12-C14 alkyl derivatives. 
  
10- Mechanism of action: is thought to be due to disruption of Intermolecular  
  
 interactions which can cause dissociation of cellular membrane bilayers, compromising 
 
 cellular permeability controls, inducing leakage of cellular contents and dissociation of 
 
 biomolecular integrities which results in enzymes deactivation. 
                                                                          
 11- Minimum inhibitory concentrations (MICs): typical (MICs) of  
 
Benzalkonium chloride are shown in table 1. 
  
Table no. 1: Typical (MICs) of benzalkonium chloride. 
    
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Wade & Weller, 2003) 
 
12- Uses: as antimicrobial preservative, antiseptic, disinfectant, solubilizing agent  
  
 and wetting agent. Benzalkonium chloride solutions are rapidly acting biocidal agent  
  
 with a moderately long duration of action. They are active against bacteria some 
 
 viruses fungi and protozoa. Bacterial spores are considered to be resistant. Solutions  
MIC( µg/ ml)Microorganism 
64 Aerobacter aerogenes
5 Clostridium histolyticum
5 Clostridium oedematiens 
5 Clostridium tetani
5 Clostridium welchii 
16 Escherichia coli
5 Pneumococcus II
64 Proteus vulgaris
30  Pseudomonas aeruginosa
30 Salmonella enteritidis
16 Salmonella paratyphi
4 Salmonella typhosa 
2 Shigella dysenteriae
1.25 Staphylococcus aureus
1.25 Streptococcus pyrogenes
2 Vibrio cholerae
5 
 
  
 are bacteriostatic or bactericidal according to their concentration. Gram positive bacteria  
  
 are generally more susceptible than Gram negative. Activity is not greatly affected by pH 
 
 if fixed or being out of the limit pH 4-10, but increases substantially at higher  
  
 temperatures and prolonged exposure time.                                    
 
13- Concentration: in ophthalmic preparations benzalkonium chloride is one of  
 
the most widely used preservatives at a concentration of 0.01-0.02% w/v. In nasal and 
 
 otic formulations a concentration of 0.002-0.02% w/v is used. In small volume parenteral 
 
 products a concentration of 0.01% w/v is used. Standard concentrates of  benzalkonium 
 
 chloride are manufactured as 50% and 80% w/v. 
                                                    
14- Safety: considered as one of the safest synthetic biocides known and has a long  
  
 history of efficacious use. Usually it is non irritating, non sensitizing and well tolerated in 
 
 the dilutions normally employed on the skin and mucous membranes unless used for 
 
 prolonged periods. 
                                                            
15- Method of manufacture: benzalkonium chloride is formed by the reaction of a 
 
 solution of N-alkyl-N-methyl- benzamine with methyl chloride in an organic solvent 
 
 suitable for precipitating the quaternary compound as it is formed.  
                 
16- Sterilization: may be sterilized by autoclaving without loss of effectiveness,  
  
 because benzalkonium chloride solutions are stable over a wide pH and temperature  
  
 range.                                
 
17- Incompatibilities: benzalkonium chloride is incompatible with aluminum,  
  
 anionic surfactants, citrates, cotton, flourescein, hydrogen peroxide, hydroxy propyl  
  
 methyl cellulose, iodides, kaolin, lanolin, nitrates, non ionic surfactants in high  
  
 concentration, permanganates, protein, salicylates, silver salts, soaps, sulfonamides, 
 
 tartarates, zinc oxide, zinc sulphate, some rubber mixes and some plastic 
 
 mixes. (Richards. 1976) 
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18- Effects of benzalkonium chloride on the eyes: benzalkonium  
 
 chloride  is one of the most disruptive ophthalmic additives to the stability of  
  
 the lipid film and to the corneal epithelial membranes; it has been shown to be  
 
toxic to the eyes of rabbits but less so to the eyes of humans. Toxicity 
 
 experiments have tended to be carried out using relatively high concentrations  
  
 of benzalkonium chloride, but deleterious effects on the tear film and  
  
 corneoconjunctival surface  have been noted in patients receiving regular long 
  
term treatment for glaucoma with eye drops preserved with benzalkonium  
  
 chloride in usual concentrations. However, the use of preservative in eye  
 
drops should generally be avoided and the formulation of such preparations in  
  
 single dose containers is desirable. Benzalkonium chloride is not suitable for  
  
 use in solutions employed in storing and washing hydrophilic soft contact  
  
 lenses, as it can bind to the lenses and may later produce ocular toxicity when  
  
 the lenses are worn.( Martindale,1999).                            
 
19- Handling precautions: observe normal precaution appropriate to the  
 
 circumstances and quantity of material handled. Benzalkonium chloride is  
  
 irritant to the skin and eyes. Repeated exposure to the skin may cause 
  
hypersensitivity. Concentrated benzalkonium chloride solutions accidentally 
 
 spilled on the skin may produce corrosive skin lesions with deep necrosis and 
 
 scaring. It should be washed immediately with water, followed by soap  
  
 solutions applied freely. Gloves, spectacles and suitable protective clothing 
 
 should be worn.(Wade & Weller, 2003) 
 
20- Stability and storage condition: benzalkonium chloride is  
 
 Hygroscopic and may be affected by light, air and metals. For that it should  
  
 be stored in an air tight container, protected from light and contact with  
  
 metals, in a cool and dry place. Solutions may be stored for prolonged periods  
7 
 
 
 at room temperature. Dilute solutions stored in poly vinyl chloride or poly  
 
urethane foam containers may lose their antimicrobial activity. 
 
)Merthidate -Thiomersal (Thimerosal 
  
1- Chemical name: ethyl [2-mercaptobenzoato (2- )-O, S] 
 
 - mercurate (1- ) sodium.   
          
2- Structural formula:   
  
Figure 2. Thimerosal chemical structure  
3- Empirical formula and Molecular weight: 
 
             C9H9HgNaO2S                            404.81   
 
             Thiomersal is an organomercury compound (approximately 
 
 49.6% mercury by weight).    
 
4- Color: is a light, cream colored crystalline powder. 
 
5- Odor: is a slight, characteristic odor.  
   
6- pH: acidic, neutral or alkaline. The antimicrobial activity of thiomersal is 
 
 highly affected by the pH i.e. thiomersal is bactericidal at acidic pH, bacteriostatic 
 
 and fungistatic at alkaline or neutral pH.  
                                                                   
7- Solubility: soluble in ethanol 95% & water 1 in 8 and 1 in 1 respectively. 
 
 Insoluble in benzene and ether.  
  
8- Method of manufacture: is prepared by the interactions of a solution  
 
 of ethyl mercuric chloride, or hydroxide, with thiosalicylic acid and sodium 
 
8 
 
 hydroxide, in ethanol 95% (Wade & Weller, 2003). 
                                                                                                                 
9-Concentration: in ophthalmic solutions thiomersal is used at a  
 
 concentration range of 0.001-0.15%, while in ophthalmic suspensions is used  
 
at a concentration range of 0.001-0.004%.                                                                 
                                                                                      
10- Sterilization: aqueous solution may be sterilized by autoclaving.  
  
11- Mechanism of action: the mechanisms of toxic action are unknown.    
 
 12- Metabolism: in the body, thiomersal is metabolized or degraded to 
                                     +   
 ethyl mercury (C2H5Hg) and thiosalicylate. 
                                  
13- Uses: mainly as antiseptic, bactericide and antifungal agent.    
  
14- Toxicology: thiomersal is very toxic by inhalation, ingestion and in 
 
 contact with skin. There is danger of cumulative effects. 
   
15- Minimum inhibitory concentrations (MICs): the typical (MICs) of 
 
 thiomersal are shown in table 2. 
 
Table no. 2: Typical (MICs) of thiomersal. 
         
  
  
 
 
  
 
 
 
  
  
 
(Wade & Weller, 2003) 
 
16- Safety: reasons for suggestion that thiomersal should not be used as a 
 
preservative in eye drops or vaccines are:  
                     
                  a) Hypersensitivity to thiomersal. 
 
                  b) Doubts on its effectiveness as a preservative. 
                                                               
17- Incompatibilities: thiomersal is incompatible with aluminum and other 
 
MIC( µg/ ml)Microorganism 
128 Aspergillus niger  
32 Candida albicans    
4 Escherichia coli
4 Klebsiella pneumoniae  
128 Penicillium notatum  
8  Pseudomonas aeruginosa 
8 Pseudomonas cepacia  
4  Pseudomonas  fluorescens  
0.2 Staphylococcus aureus 
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 metals, strong oxidizing agents, strong acids and bases, sodium chloride solutions, 
 
lecithin, phenyl mercuric compounds, quaternary ammonium compounds, thioglycolate 
 
 and proteins. The presence of sodium metabisulfite, edetic acid and edetates in solutions 
 
 can reduce the preservative efficacy of thiomersal. In solution, thiomersal may be 
 
 absorbed by plastic packaging materials, particularly poly ethylene. It is strongly  
 
adsorbed by treated or untreated rubber caps that are in contact with the solution.  (Wiener 
 
 1955, Birner & Grant 1964, Richards & Reary 1972 and Reader 1984).   
                                                               
18- Stability and storage conditions: stable at normal temperatures and  
 
pressures. Light may cause thiomersal discoloration. Trace amount of copper and 
 
 other metals increase the rate of thiomersal oxidation.To stabilize thiomersal 
 
solutions, edetic acid or edetates may  be used,  but they  reduce  the antimicrobial 
 
 efficacy. Solid material should be stored in a well closed container, protected 
 
 from light in a cool and dry place. 
                           
18- Handling precautions: observe normal precaution appropriate to the  
 
 circumstances and quantity of material handled. Thiomersal is irritant to the 
 
 skin and mucous membranes. Systematical absorbance may occur through the  
 
skin and upper respiratory tract. Well ventilated environment, eye protection  
  
 gloves and respirators are required.(Health and Safety Executive. 1993). 
 
Related substances (Mercury): -19 
 
           Mercury is a metal occurring naturally in the environment and found in:  
  
 air, earth, aquatic sediment and fish (particularly long lived one such as  
 
sharks) in three main forms: 
 
I)  Metalic mercury which gives rise to mercury vapor.  
  
II) Inorganic mercury. 
   
III) Organic mercury which has two main forms: 
 
10 
 
                    a) Methyl mercury: is more potent, with half life of 50 
  
                    days so it accumulates in the body. 
 
                    b) Ethyl mercury: is rapidly converted in the body to 
 
                   inorganic mercury, which is excreted in the stool. Its          
 
                    half life is only about 7-10 days so it does not accumulate in 
 
                  the body to such an extent. 
           
           Environmental Protection Agency, USA, has determined that safe levels of 
 
 mercury consumption is 0.7 µg/kg body weight / week, while 3.3µg/kg of body 
 
 weight has been determined by World Health Organization. This gives range of 
 
 safe consumption of mercury (these levels refer to methy mercury). 
                                          
          Concerning highly affected organs, mercury can cause harmful effects 
 
 on the central nervous system, skin and kidneys. In most cases the toxic 
 
 effects of mercury have been from methyl mercury not ethyl mercury. 
 
 
Cetrimide  
   
1- Chemical name:  Cetrimide is a mixture of mainly trimethyl 
  
tetradecyl ammonium bromide beside smaller amounts of dodecyl 
 
 trimethyl ammonium bromide and hexadecyl trimethyl ammonium 
 
 bromide.  
      
2- Structural formula: 
                                                        CH3  
                                                                    +         -   
H3C-(CH2) n -N-CH3Br    
                                CH3                       
     Where, 
 
n= 11 for dodecyl trimethyl ammonium bromide. 
 
n= 13 for trimethyl tetradecyl ammonium bromide. 
 
n= 15 for hexadecyl trimethyl ammonium bromide. 
  
Figure 3. Cetrimide chemical structure 
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 3- Empirical formula and Molecular weight: 
 
     - Trimethyl tetradecyl ammonium bromide 
        
               C17H38BrN               336.40 
 
     - Dodecyl trimethyl ammonium bromide. 
   
               C15H34BrN               308.35 
  
     - Hexadecyl trimethyl ammonium bromide. 
 
               C19H42BrN               364.48 
 
4- Color: white to creamy white, free-flowing powder. 
 
 5- Odor: faint but characteristic. 
 
6- Taste: bitter and soapy. 
 
7- pH: most effective at neutral or slightly alkaline pH, its activity is reduced 
 
 in acidic media and in the presence of alcohols.   
 
 8- Solubility: freely soluble in chloroform, ethanol 95% and water. Insoluble 
 
 in ether.                                                
 
 9- Hygroscopicity: at 40-50% relative humidity at 20ºc. Cetrimide  
 
moisture absorbance cause caking and retard flow properties.  
 
   10- Concentration: in eye drops, cetrimide is used as a    preservative at a 
 
 concentration of 0.005% w/v. As a topical antiseptic for skin burns and 
 
 wounds, cetrimide is used at concentration generally of 0.1-1.0 % w/v aqueous 
 
 solutions. In shampoo which removes the scales in seborrhea, cetrimide is used at  
  
 concentration of 1-3% w/v and sometimes up to 10%. As a cream, cetrimide is used  
  
 at a concentration of 0.5%. 
                                                    
 11- Method of manufacture: cetrimide is prepared by the condensation 
 
of suitable alkyl bromides and trimethyl amine. (Wade & Weller, 2003).                            
                 
12- Uses: an effective antiseptic agent against: bacteria; fungi and some viruses,  
12 
 
  
 cationic surfactant, disinfectant and buffer solution for extraction of DNA.                    
 
13- Minimum inhibitory concentrations (MICs): typical (MICs) of 
 
 cetrimide are shown in table 3: 
                   
Table no. 3: Typical (MICs) of cetrimide.   
 
 
 
   
 
 
(Wade & Weller, 2003).   
 
14- Incompatibilities: incompatible with soaps, anionic surfactants, high 
 
 concentrations of non ionic surfactants,   bentonite, iodine, phenyl mercuric 
 
 nitrate, alkali hydroxides and acid dyes. (Wade & Weller 2003).                                         
                      
15- Safety: does not cause hypersensitivity unless it is repeatedly used. The 
 
 fatal oral human dose is estimated to be 1-3 g.               
 
16- Handling precautions: observe normal precautions appropriate to the 
 
 circumstances and quantity of material handled. Cetrimide powder, and concentrated  
  
 cetrimide solutions are irritant; avoid inhalation, ingestion, skin and eye contact. Eye  
  
 protection gloves and a respirator are recommended.(Jacobs 1984). 
               
17- Stability and storage conditions:  chemically stable in the dry state 
 
 and in aqueous solution at ambient temperatures. Aqueous solutions may be  
 
sterilized by autoclaving. The bulk material should be stored in a well- closed 
 
 container in a cool and dry place. 
                                                                                
            As a precaution against contamination with Pseudomonas species 
 
 resistant to cetrimide, stock solutions may be further protected by: adding at least 7%  
 
v/v ethanol or 4% v/v propan-2-ol, sterile preparation should be used, solutions must 
 
 be freshly prepared at the recommended concentrations and appropriate measures  
  
 should be taken to prevent contamination during storage or dilution. Cetrimide is 
MIC( µg/ ml)Microorganism 
30 Escherichia coli
300  Pseudomonas aeruginosa 
10 Staphylococcus aureus 
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 used in disinfecting solutions for hard contact lenses, but it should not be used for  
 
disinfection of soft contact lenses. 
  
                   Treatment of poisoning is symptomatic; demulcents may be given if 
 
 necessary. If concentrated solutions have been ingested emesis and lavage should be  
  
 avoided. Paralysis due to cetrimide intoxication can not be reversed by CNS  
  
 stimulants, cholinesterase inhibitors and sympathomimetics.  
                                      
     Methyl paraben 
  
1- Chemical name:  methyl 4- hydroxy benzoate. 
  
2- Structural formula:  
 
   
R: CH3 
 
Figure 4. Methyl Paraben chemical structure 
 
3- Empirical formula and Molecular weight: 
 
             C8H8O3                              152.15   
 
4- Color: colorless crystals or white crystalline powder. 
  
5- Odor: odorless or almost odorless. 
 
6- Taste: slightly burning taste.  
  
7- pH: methyl paraben exhibits antimicrobial activity between pH 4-8 which is 
 
 a wide pH range. The preservative efficacy decreases with increasing pH due 
 
 to the formation of the phenolate anion. 
.                                                                           
8- Solubility: methyl paraben is soluble in ethanol, ether, glycerin, methanol, 
 
 propylene glycol and water. It is insoluble in mineral oil. Paraben salts are frequently  
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 used in formulations because of their greater aqueous solubility. 
  
 
9- Concentration: in ophthalmic preparations, methyl paraben is used at a  
 
concentration of 0.015- 0.2%. In IM, IV and SC injections methyl paraben usable  
  
 concentration is 0.065- 0.25%. For oral solutions and suspensions the usable  
  
 concentration of methyl paraben is 0.015- 0.2 %. In topical and vaginal preparations  
  
 methyl paraben is used at concentrations of 0.02- 0.3% and 0.1- 0.18% respectively.  
  
 (Rowe R. C., Sheskey P. J. and Owen S.C., 2006). 
 
                                                      
10- Method of manufacture: methyl paraben is prepared by the Esterifications  
  
 of p- hydroxy benzoic acid with methanol. (Wade & Weller,2003). 
           
 
11- Uses: antimicrobial preservative. In cosmetics methyl paraben is the most 
 
 frequently used antimicrobial preservative. 
    
   
 12- Antimicrobial activity: parabens are more active against yeasts and molds 
 
 than against bacteria. They are also more active against Gram positive bacteria than  
  
 against Gram negative bacteria. Antimicrobial activity increases as the chain length 
 
 of the alkyl moiety is increased and vice versa for the aqueous solubility. As a result  
  
 of this fact methyl paraben is the least active paraben. A mixture of parabens is thus  
  
 frequently used to provide effective preservation through their additive effect e.g.  
  
 combinations of methyl, ethyl, propyl and butyl paraben are often used together.  
  
 Preservative efficacy is also improved by the addition of 2-5% propylene glycol, 
 
phenyl ethyl alcohol, edetic acid and imidurea due to synergistic effects. 
 
                                                                                                 
13- Minimum inhibitory concentrations (MICs): typical (MICs) for 
 
 methyl paraben are shown in table 4. 
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Table no. 4: Typical (MICs) of methyl paraben.     
1000 Serratia marcescens ATCC 8100 
2000  Staphlococcus aureus ATCC 6583P
2000 Staphlococcus epidermidis ATCC 12228
250 Trichoderma lignorum ATCC 8678
 250  Trichoderma mentagrophytes
 
(Haag TE, Loncrini DF. 1984) 
                                                   
14- Incompatibilities: the antimicrobial activity of methyl paraben and other  
  
 parabens is considerably reduced in the presence of non ionic surfactants; such 
 
 aspoly sorbate 80, as a result of micellization. However, propylene glycol (10%) has 
 
 been shown to potentiate the antimicrobial activity of parabens in the presence of non 
 
 ionic surfactants and prevents the interaction between methyl paraben and poly 
 
 sorbate 80. Incompatibilities with other substances such as bentonite, magnesium 
 
 trisilicate, talc, tragacanth, sodium alginate, essential oils, sorbitol and atropine have 
 
 been reported. Absorption of methyl paraben by plastic has also been reported; the  
  
 amount absorbed is dependent upon the type of plastic and the vehicle. It has been  
  
MIC( µg/ ml)Microorganism 
2000   ATCC 8308Aerobacter aerogenes 
600  yzae Aspergillus  or
1000     ATCC 9642  Aspergillus niger 
1000     ATCC 10254  Aspergillus niger 
2000 Bacillus cereus var. mycoides ATCC 6462
2000 Bacillus subtilis ATCC 6633
2000 Candida albicans   ATCC 10231 
1000 Enterobacter cloacae   ATCC  23355 
 1000 Escherichia coli  ATCC 8739
1000 Klebsiella pneumoniae ATCC 8308 
500 Penicillium chrysogenum  ATCC 9480  
500 Penicillium digitatum  ATCC 10030  
1000 Proteus vulgaris   ATCC 13315    
2000 Proteus vulgaris   ATCC 8427    
4000 Pseudomonas aeruginosa ATCC 9027
4000 Pseudomonas aeruginosa ATCC 15442
2000 Pseudomonas  stutzeri
500 Rhizopus  nigricans ATCC 6227A 
1000 ATCC9736  Saccharomyces cerevisiae
1000 Salmonella typhosa ATCC 6539
4000 Sarcina lutea
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 claimed that low and high density poly ethylene bottles do not absorb methyl  
 
paraben. Methyl paraben is discolored in the presence of iron and is subjected to  
  
 hydrolysis by weak alkalis and strong acids. (Allwood 1982, Aoki etal. 1956,  
  
 Chemburkar and  Joslin 1975, Deek 1983, Eisman etal. 1957, Kakemi etal. 1971, 
 
 Myburgh and McCarthy 1980, Patel and Kostenbauder. 1958, Poprzan and Navarre  
  
 1959, Runesson and Gustavii 1986  & Yousef etal. 1973). 
                                              
15- Safety: parabens are potentially irritant, so they are now generally regarded as  
  
 being unsuitable for preservation in injections and ophthalmic preparations, although 
 
 they have been used. Hypersensitivity reaction to parabens, generally of the delayed  
 
type are relatively uncommon. Usually preparations containing parabens may be used 
 
 by patients who have reacted previously with contact dermatitis, provided they are 
 
 applied to another unaffected site. This has been termed paraben paradox. WHO  
  
 estimated total acceptable daily intake for methyl, ethyl and propyl parabens at up to 
 
 10 mg/ kg body weight. 
                                                                                                                               
16- Handling precautions: it is necessary to observe normal precautions  
 
appropriate to the circumstances and quantity of material handled. Methyl paraben  
  
 may be irritant; to the skin, eyes and mucous membranes and should be handled in a  
  
 well-ventilated environment. Eye protection, gloves and a respirator are 
 
 recommended. (Wade & Weller, 2003). 
                   
17- Stability and storage conditions: aqueous solutions of   methyl paraben, at  
  
 pH 3-6, may be sterilized by autoclaving at 120ºc for 20 minutes, without  
  
 decomposition. Aqueous solutions at pH 3-6 are stable(less than 10% decomposition) 
  
for up to about four years at room temperature, whilst aqueous solutions at pH 8 or 
 
 above  are subjected to rapid hydrolysis (10% or more  after about 60 days storage  at 
 
 room temperature .Methyl paraben should be stored in a well  closed container in a  
 
cool and dry place. (Aalto etal.1953 & Kamada etal. 1973).            
17 
 
   
  
     Propyl paraben 
 
1- Chemical name:  propyl 4- hydroxy benzoate.  
  
2- Structural formula:       
                             
R: CH2-CH2-CH3 
 
Figure 5. Propyl  Paraben chemical structure  
  
3- Empirical formula and Molecular weight: 
 
             C10H12O3                              180.20   
 
4- Color: a white crystalline powder.  
 
5- Odor: odorless. 
 
6- Taste: tasteless.  
  
7- pH: propyl paraben exhibits antimicrobial activity between pH 4-8. 
 
 Preservative efficacy decreases with increasing pH due to the formation of the 
 
 phenolate anion.  
                                                                          
8- Solubility: freely soluble in acetone and ether. Soluble in ethanol, glycerin,  
 
methanol, propylene glycol, mineral oil, peanut oil and water. Due to poor solubility 
 
 of the parabens, paraben salts, particularly the sodium salt, are frequently used in 
 
 formulations. However, this may cause the pH of the poorly buffered formulations to  
 
become more alkaline. Salt form of propyl paraben e.g. propyl paraben sodium or  
  
 propyl paraben potassium may be used instead of propyl paraben to increase aqueous  
  
 solubility. However they may alkalize the pH of a formulation, especially poorly  
  
 buffered solutions. 
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9- Method of manufacture: propyl paraben is prepared by the esterification of  
 
p- hydroxy benzoic acid with n- propanol. (Wade & Weller, 2003). 
                                                
10- Concentration: in ophthalmic preparations propyl paraben is used at a  
  
 concentration of 0.005- 0.01%. In IM, IV and SC injections propyl paraben usable  
  
 concentration is 0.005- 0.2%. In oral solutions and suspensions 0.01 – 0.02 % propyl 
 
 paraben concentration is used. In topical and vaginal preparations propyl paraben is  
  
 used at concentration of 0.01- 0.6% and 0.02- 0.1% respectively. (Rowe R. C.,  
 
Sheskey P. J. and Owen S.C., 2006).  
 
                                                                                  
11- Uses: antimicrobial preservative in cosmetics- the second most frequently 
 
 used preservative-food products and pharmaceutical formulations. 
 
                                                         
12- Antimicrobial activity: parabens are more active against yeasts and molds  
  
 than against bacteria. They are also more active against Gram positive bacteria than  
  
 against Gram negative bacteria. Propyl paraben may be used alone, in combination  
  
 with other paraben esters- e.g. propyl paraben 0.02% together with methyl paraben 
 
 0.18% - or with other  antimicrobial agents. 
 
                                                                                                                           
13- Minimum inhibitory concentrations (MICs): typical (MICs) for 
 
 propyl paraben in aqueous solution are shown in table 5. 
 
Table no. 5: Typical (MICs) of propyl paraben. 
MIC( µg/ ml)Microorganism 
 1000   ATCC 8308Aerobacter aerogenes 
500     ATCC 9642  Aspergillus niger 
200     ATCC 10254  Aspergillus niger 
125 Bacillus cereus var. mycoides ATCC 6462
500 Bacillus subtillis ATCC 6633
250 Candida albicans   ATCC 10231 
1000 Enterobacter cloacae   ATCC  23355 
 500 Escherichia coli  ATCC 8739
100 Escherichia coli  ATCC 9637
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(Haag and  Loncrini. 1984)  
 
14- Sterilization: aqueous paraben solutions at pH 3-6 can be sterilized by  
 
autoclaving without decomposition.    
 
15- Incompatibilities: the antimicrobial activity of propyl paraben is  
 
considerably reduced in the presence of non ionic surfactants as a result of  
  
 micellization. Absorption of propyl paraben by plastic has also been reported;  
  
 with the amount absorbed dependent upon the type of plastic and the vehicle. 
 
 Magnesium aluminum silicate, magnesium trisilicate, yellow iron oxide and  
  
 ultramarine blue have also been reported to absorb propyl paraben thereby 
 
 reducing preservative efficacy. Propyl paraben is discolored in the presence of  
 
iron and is subjected to hydrolysis by weak alkalis and strong acids.                        
  
16- Safety: due to irritant potential of the paraben, usage of methyl and propyl  
 
paraben as preservatives in ophthalmic preparations and injections is regarded as  
  
 unsuitable. Although parabens have been associated wit hypersensitivity reactions, 
  
but no systemic adverse reactions were reported. The WHO estimated total daily  
 
intake for methyl and propyl parabens at up to 10 mg/kg body weight.                                
                           
17- Handling precautions: it is necessary to observe normal precautions 
 
 appropriate to the circumstances and quantity of material handled. Propyl paraben 
 
 may be irritant to the skin, eyes and mucous membranes and should be handled in a  
  
 well-ventilated environment. Eye protection, gloves and a dust mask or respirator are  
500 Klebsiella pneumoniae ATCC 8308 
125 Penicillium chrysogenum  ATCC 9480  
63 Penicillium digitatum  ATCC 10030  
250 Proteus vulgaris   ATCC 13315    
>1000 Pseudomonas aeruginosa ATCC 9027
>1000 Pseudomonas aeruginosa ATCC 15442
500 Pseudomonas  stutzeri
125 Rhizopus  nigricans ATCC 6227A 
125 ATCC9736  Saccharomyces cerevisiae
500 Salmonella typhosa ATCC 6539
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 recommended. (Wade & Weller, 2003).                                                                                
                   
17- Stability and storage conditions: at pH 3-6 aqueous solutions are stable  
  
 (less than 10% decomposition) for up to about four years at room temperature, whilst 
 
 solutions at pH 8 or above are subjected to rapid hydrolysis (10% or more after about 
 
 60 days at room temperature). Propyl paraben should be stored in a well- closed 
 
 container in a cool and dry place. (Aalto etal. 1953 & Kamada etal. 1973).  
 
EYE DROP DESIGN  
  
           Eye drop design aims at improving safety and care of use. 
    
*Eye drop usable forms:  
 
I) Minims: which are sterile single- dose plastic sachets containing 0.3-0.5 ml 
 
 of liquid.                                                   
 
II) Multiple- dose amber fluted eye- dropper bottles: which include the 
 
 rubber teat as part of the closed container or supplied separately. 
 
 III) Plastic bottles with integral dropper. 
                                    
 *Eye drop volumes: 
                                                                                   
          In each container the volume ranges from 0.3 ml as minimum volume 
 
 to 15 ml as  maximum volume. 
                                                        
*Microbial contamination of eye drop bottles: 
 
           During the use of eye drop; sources of contamination are: 
 
  I) Repeated opening. 
 
 II) Infected eye tissue. 
 
 III) Hands of the patient.  
                                                                                                                                                
      Forms of eye drop microbial contamination are: 
             
I) Growth of resistant organisms in the solution. 
 
 II) Repeated inoculation. 
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*Eye drop sterilization: 
              
            Thermostable eye drops and lotions are sterilized at 121ºc for 15 min, 
 
 while thermolabile medicines are sterilized by filtration sterilization followed  
 
by aseptic filling into sterile containers. 
                                                                     
                                                 *Shelf life of eye drop after first opening : 
 
             It has been restricted to 1 month, but it might be reduced to 7 days 
 
 for hospital ward use on one eye of a single  patient in order to avoid 
 
 nosocomial infections. 
                                   
*Eye drop packaging material: 
 
             The most usable material nowadays for eye drop bottle construction 
 
 is poly propylene, designed as a bottle with dropper and screwed cap of  
 
breakable seal. Integral breakable seal indicates that the eye drop is not 
 
 opened before which guaranteed its sterilization. 
 
ARCHRELATED STUDIES AND RESE*  
                                                                                                                              
               Oldham and Andrew, 1996 published in the british journal of ophthalmology  
 
the article ”control of microbial contamination in unpreserved eye drops” : In general, 
 
 eye drops once opened by individual patients in a domiciliary situation, a 7 day in use 
 
 storage life is confirmed for eye drops containing alkaloids or antibiotics, if they are 
 
 stored in the refrigerator after opening. 
 
                 Samadi N., Tarighi P., Fazeli M.R., Mehrgan H., 2009 published in Daru 
 
 the journal of faculty of pharmacy, Tehran university of medical sciences”  
 
Evaluation of antimicrobial effectiveness of ophthalmic drops according to the  
 
pharmacopeial tests criteria”: there is not a clear correlation between 
 
 antimicrobial efficacy testing of eye-drops and the rate of their microbial  
 
contamination while are being used. Other factors such as hygienic practices  
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of eye-drops, proper bottle design and training of patients could influence 
 
 their microbial contaminations. Regulation of in-use efficacy testing of eye- 
 
drops which is influenced by the environment, the frequency and technique of 
 
 use, might be essential. 
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OBJECTIVE 
  
:General objective * 
 
          The objective of the study is to test the efficacy of antimicrobial preservation in  
 
eye drops. 
 
:Specific objectives * 
 
     - To challenge eye drops with standard microorganisms. 
         
    - To follow the survival of test organism by a viable count over a period of 28 days.  
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  MATERIALS 
 
*Eye drops: 
            
         Random eye drop samples have been collected from the market 
 
 community pharmacies- which are: 
                                  
I) Sample no. 1 is Flumetol Semplice eye drops:                       
 
 - Composition: each 100 ml contains:  
   
 Vehicle: Hypromellose, Poly sorbate 80, Poly vinyl alcohol, Sodium phosphate 
 
 dibasic, Sodium chloride, Disodium edetate, Purified water. 
 
Preservative: Benzalkonium chloride.      0.01 g 
 
           Information of the formula is gotten from the manufacturer.    
 
- Volume: 10 ml. 
 
- Batch no.: 038002 
  Mfg. date: 05/2005            ᇻ Test organism is Ps. aeru.  
  Exp. date: 05/2008       
  
- Batch no.: 038002 
  Mfg. date: 05/2005            ᇻ Test organism is C. alb.  
  Exp. date: 05/2008       
 
- Batch no.: 038002 
  Mfg. date: 05/2005            ᇻ Test organism is E. coli.  
  Exp. date: 05/2008 
  
- Batch no.: 038002 
  Mfg. date: 05/2005            ᇻ Test organism is E. coli. In the                               
Exp. date: 05/2008                        validation method.  
    
- Made in Italy by: Farmila- Thea Farmaceutici.  
  
II) Sample no. 2 is Ocumethyl eye drops: 
 
- Composition: each 100 ml contains:  
   
Zinc sulphate BP.                              0.1 g 
Diphenhydramine HCl                      0.1 g 
 Naphazoline HCl      
BP.                                                     0.1 g 
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Excipients: 
 
Sodium citrate     BP.                                                                             1.400 g 
Benzalkonium chloride   BP.                                                                 0.080 g 
Hydroxy propyl methyl cellulose (HPMC)       USP.                            0.010 g  
Citric acid      BP.                                                                                   0.060 g 
Methylene blue       EP.                                                                          0.003 g 
Sodium chloride     BP.                                                                           0.320g 
Distilled water       BP.                                                                to         100 ml 
 
             Information of the formula is gotten from the manufacturer.    
 
 - Volume: 10 ml. 
  
- B. N.: 5516014 
  Mfg.  :  5/ 05                    ᇻ Test organism is Ps. aeru.  
  Exp.  :  5/ 08       
   
- B. N.: 5516014 
  Mfg.  : 5/ 05                     ᇻ Test organism is C. alb.  
  Exp.  : 5/ 08      
 
- B. N.: 5516014 
                  ᇻ Test organism is E. coli.    Exp.  : 5/ 08      
  Mfg.  : 5/ 05                                      
    
- Made in Egypt by: Alexandria co. for pharmaceuticals- Alexandria.     
  
III) Sample no. 3 is Rinosin (nasal and ophthalmic drops): 
 
- Composition: each 10 ml contains: 
                                            
Naphazoline HCl                               5 mg                                    
Chlorpheniramine maleate                5 mg           
Cetrimide                                           0.2 mg 
 
             Information of the formula is gotten from the manufacturer.     
 
- Volume: 10 ml. 
  
- B. N.: 978 
  Mfg.  :  06/ 07                   ᇻTest organism is Ps. aeru.  
  Exp.  :  06/ 10       
 
- B. N.: 978 
  Mfg.  : 06/ 07                     ᇻ Test organism is C. alb.  
  Exp.  : 06/ 10      
 
- B. N.: 958 
  Mfg.  : 11/06                    ᇻTest organism is E. coli.  
  Exp.  : 11/09  
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- B. N.: 983 
  Mfg.  : 07/07                     ᇻ Test organism is E. coli. In the                  
  Exp.  : 07/10                                  validation method.  
 
- Made in Egypt by: Pharco pharmaceuticals- Alexandria. 
                      
IV) Sample no. 4 is Colircusí Cicloplej'ico eye drop: 
                                                          (Cyclopentolate) 
                                
- Composition: each ml contains:                                                  
  
Cyclopentolate hydrochloride                   10 mg                
 Preservative:  
 Methyl para hydroxy benzoate                  0.03 mg  
 Propyl para hydroxy benzoate                   0.02 mg 
Excipients                                                    q. s. 
 
              Information of the formula is gotten from the manufacturer.       
 
- Volume: 10 ml. 
  
- Batch: 6AUU1D 
  Mfg.  :  04/ 2006               ᇻ Test organism is Ps. aeru.  
  Exp.  :  04/ 2009       
  
- Batch: 6AUU1D 
  Mfg.  : 04/ 2006                 ᇻTest organism is C. alb.  
  Exp.  : 04/ 2009      
 
- Batch: 5CPF1A 
  Mfg.  : 11/2005                  ᇻ Test organism is E. coli.  
  Exp.  : 11/2008  
  
- Batch: 6BLP1B 
  Mfg.  : 07/2006                 ᇻTest organism is E. coli. In the               
  Exp.  : 07/2009                                  validation method 
 
- Made in Spain by: Alcon cusí- Barcelona.  
  
V) Sample no. 5 is Ophtamesone (sterile drops for eye, ear and nose):      
                                                                               
- Composition: each ml contains: 
                                                  
Betamethasone sodium phosphate               1.00 mg 
Benzalkonium chloride                                 0.20 mg  
 
                Information of the formula is gotten from the manufacturer.     
 
- Volume: 10 ml. 
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- Lot: 1318  
  Mfg.  :  09/ 06                      ᇻ Test organism is Ps. aeru.  
  Exp.  :  09/ 08       
 
- Lot: 1318 
  Mfg.  : 09/ 06                       ᇻ Test organism is C. alb.  
  Exp.  : 09/ 08      
 
- Lot: 1318 
  Mfg.  : 09/ 06                       ᇻTest organism is E. coli.  
  Exp.  : 09/ 08  
  
- Lot: 323 
  Mfg.  : 03/06                        ᇻTest organism is E. coli. in the                  
 Exp.  : 03/08                                    validation method.  
 
- Made in Jordan by: Dar Al Dawa, Na'ur. 
                                                                                                                                    
VI)Sample no. 6 is Spersallerg eye drops ophthalmic solution: 
                                                                                          
- Composition: each ml contains: 
 
Antazoline hydrochloride                            0.5 mg   
Tetryzoline hydrochloride                           0.4 mg  
Preserv. Benzalkonium chloride                  0.05 mg 
Excip.                                                           q. s. 
 
             Information of the formula is gotten from the manufacturer.    
                                    
- Volume: 10 ml. 
  
- Lot: 413248  
  Mfg.  :  09/ 2006                ᇻTest organism is Ps. aeru.  
  Exp.  :  08/ 2009       
 
- Lot: 413248 
  Mfg.  : 09/ 2006                  ᇻTest organism is C. alb.  
  Exp.  : 08/ 2009      
 
- Lot: 413248 
  Mfg.  : 09/ 2006                  ᇻ Test organism is E. coli.  
  Exp.  : 08/ 2009  
  
- Lot: 413464 
Mfg.  : 10/ 2006                    ᇻ Test organism is E. coli. in the             
Exp.  : 08/ 2009                                 validation method.  
  
- Made in Switzerland by: Novartis ophthalmics AG Hettlingen for Novartis Pharma 
 
 AG Basle.                                                                                                                               
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VII) Sample no. 7 is Matorane eye drops solution: 
           
- Composition: each ml contains: 
 
Timolol maleate                                      6.84 mg 
Sodium phosphate monobasic                6 mg 
Sodium phosphate dibasic                      4 mg 
Sodium hydroxide                                   3 mg 
Benzalkonium chloride                           0.1 mg 
Water                                                      q.s. 
 
            Information of the formula is gotten from the manufacturer.                                     
                              
- Volume: 5 ml. 
 
- BATC: 115713  
   Exp.  :  11/ 08                      ᇻ Test organism is Ps. aeru.  
         
- BATC: 115713 
  Exp.  :  11/ 08                       ᇻTest organism is C. alb.  
    
 
- BATC: 115713 
  Exp.  :  11/ 08                      ᇻ Test organism is E. coli.  
  
- Made in Greece by: Lavipharm. 
  
VIII) Sample no. 8 is Naclof eye drops ophthalmic solution:  
 
 - Composition: each ml contains: 
 
 
Diclofenac sodium                                 1 mg  
Preserv.:   
Thiomersal                                            0.04 mg 
Excip.                                                      q.s. 
 
 
              Information of the formula is gotten from the manufacturer. 
  
- Volume: 5 ml. 
 
  
- Lot: 412764  
  Mfg.  :  05/ 2006                   ᇻ Test organism is Ps. aeru.  
  Exp.  :  03/ 2008  
      
  
- Lot: 412764 
  Mfg.  : 05/ 2006                    ᇻTest organism is C. alb.  
  Exp.  : 03/ 2008 
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- Lot: 412023 
  Mfg.  : 10/ 2005                    ᇻ Test organism is E. coli.  
  Exp.  : 08/ 2007 
  
  
- Lot: 412764 
  Mfg.  : 05/ 2006                   ᇻ Test organism is E. coli. in the            
 Exp.  : 03/ 2008                                 validation method. 
  
  
- Made in Switzerland by: Novartis ophthalmics AG Hettlingen for Novartis 
 
 Pharma AG Basle.  
  
* Table no. 6: the product name, volume, preservative and its 
 
    concentration in brief:   
  
Preservative con. 
(mg/ ml)
PreservativeVolume
(ml) 
Product nameNo.
0.1  Benzalkonium chloride10  Flumetol Semplice eye 
drops
1
0.8Benzalkonium chloride10 Ocumethyl eye drops 2
0.02Cetrimide10 Rinosin nasal and 
ophthalmic drops 
3
0.03 and 0.02 
respectively. 
Methyl para hydroxy 
benzoate and
 Propyl para hydroxy 
benzoate         
10 Colircusí Cicloplej'ico 
eye drop
4
0.2Benzalkonium chloride 10 Ophtamesone     eye, ear 
and nose drops 
5
0.05Benzalkonium chloride 10 Spersallerg eye drops  6
0.1 Benzalkonium chloride5 Matorane 0.5% eye drops7
0.04Thiomersal5 Naclof eye drops8
    
*Culture media: 
 
I) Tryptone Soya Agar                    Hardy Diagnostics- USA. 
II) Sabouraud Dextrose Agar          Himedia Lab. Pvt Ltd- India. 
III) Nutrient broth                            Hardy Diagnostics- USA. 
IV) Nutrient Agar                            Himedia Lab. Pvt Ltd- India. 
 
:Instruments* 
 
Sensitive balance                            Adam lab., UK. 
Refrigerator                                    General motors, USA. 
Autoclave                                        Baird and tatlock- England. 
Oven                                               Memmert, Westren Germany. 
Bunsen burner                                Edison. 
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Water bath                                      Grant instrument(Cambridge) Ltd. England. 
Incubator                                         nűve, EN 400. 
Colony counter                               Gallen amp, England. 
  
 
:Glass ware* 
 
Bottles 500 &10 ml 
Test tubes 
Rack                                                      ᇻ Kimax- Kimble, USA.   
Petri dishes                                
Tray 
  
:Chemicals* 
 
Normal saline 0.9 %                             Pharmaceutical solutions industry Ltd                      
                                            -KSA, in co-operation with  Fresenius      
                                                              Kabi, Germany. 
 
Alcohol 97% 
Sulphuric acid (H2SO4).  
Anhydrous barium chloride (Ba Cl2). ᇻ The British Drug House, ltd. 
Peptone  powder. 
Poly sorbate 80 
 
Stenol                                             Searage for chemical & plastic     
industry,Jordan.Under license for Searage chemical        
, Canada.                                                                      
 
Chloramphenicol                                Shanghai pharmaceutical Co, Ltd- 
                                                            Shanghai, China. 
 
Distilled water                                    Research lab. 
  
organisms:-*Standard micro 
 
Escherichia coli  ATCC      25922 
Pseudomonas aeruginosa ATCC     27853 
Candida albicans   ATCC    7596 
 
ATCC stands for American Type Culture Collection, 12301 Park Land Drive,  
  
 Rockville, MD20852. 
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  METHOD  
  
tion of inoculum:*Prepara 
      
                  The surface of a tryptone soya agar plate was inoculated with bacteria and  
  
 sabouraud agar plate with fungi, from a recently grown stock culture of each of the  
  
 specified micro-organisms. The bacterial culture was incubated at 30ºc to 35ºc for 18 
 
 to 24 hours, the culture of Candida albicans at 20ºc to 25ºc for 48 hours. (BP. 1988, 
 
 Appendix XVIC A191) 
 
     
*Test procedure: 
         
                  To count the viable micro-organisms in the inoculated products, use the  
 
agar medium for the initial cultivation of the respective micro-organisms.(BP.1988,  
  
 Appendix XVIC A191). 
                                                      
                 Inoculate a series of containers of the product to be examined, each with a  
  
 suspension of one of the test organisms to give an inoculum of 105 to 106 micro-  
 
organisms per g or per ml of the preparation. The volume of the suspension of  
  
 inoculum does not exceed 1% of the volume of the product. Mix thoroughly to ensure 
 
 homogenous distribution. (BP. 1988, Appendix XVIC A191). 
  
                                                                 
 Plate count for bacteria using Petri dishes 9 to 10 cm in diameter:* 
 
                       Add to each dish a mixture of 1 ml of the pretreated preparation and 
 
 about 15 ml of liquefied casein soya bean digest agar at not more than 45ºc.  
  
 Alternatively, spread the pretreated preparation on the surface of the solidified  
  
 medium in a Petri dish of the same diameter. If necessary, dilute the pretreated 
 
 preparation as described above so that a colony count of not more than 300 may be 
 
 expected. Prepare at least two such Petri dishes using the same dilution and incubate  
  
 at 30ºc to 35ºc for 5days, unless a more reliable count is obtained in a shorter time.  
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Count the number of colonies that are formed. Calculate the results using plates with  
 
 the greatest number of colonies but taking 300 colonies per plate as the maximum  
  
 consistent with good evaluation. (BP. 1988, Appendix XVIC A191) 
  
                                                
  Plate count for fungi using Petri dishes 9 to 10 cm in diameter:* 
 
                     Add to each dish a mixture of 1 ml of the pretreated preparation  
 
and about 15 ml of liquefied sabouraud glucose agar with antibiotics( to suppress  
  
 bacterial contaminants) at no more than 45ºc. Alternatively, spread the pretreated  
  
 preparation on the surface of the solidified medium in a Petri dish of the same  
 
diameter. If necessary, dilute the pretreated preparation as described above so that a 
 
 colony count of not more than 100 may be expected. Prepare at least two such plates  
  
 using the same dilution and incubate at 20ºc to 25ºc for 5 days, unless a more reliable 
  
 count is obtained in a shorter time. Count the colonies that are formed. Calculate the 
 
results using plates with not more than 100 colonies. (BP. 1988, Appendix  XVIC  
 
A191).  
                                                                                               
 
ilization: * Petri dishes ster 
  
               Petri dishes were kept in the oven at 160 ºc for 1 hour. 
  
   
* Preparation and sterilization of the media:  
 
Tryptone soya agar media (40g/L) was filled in bottles of 500 ml volume 
 
 and left for 15 minutes at 121ºc and 15 Ib/sq in.  in the autoclave. The melted media 
 
had been divided in the Petri dishes about 15 ml for each one. 
 
                     Sabouraud glucose agar (65g/L) was filled in bottles of 500 ml volume  
  
 and left for 15 minutes at 121ºc and 15 Ib/sq in. in the autoclave. The melted media 
 
 had been divided in the Petri dishes about 15 ml for each one.  
                                           
                    Sabouraud glucose agar with antibiotics: firstly Sabouraud glucose 
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 agar media had been prepared (65g/L) then 50 mg of Chloramphenicol per liter of  
 
medium was added before sterilization. The mixture was filled in bottles of 500 ml  
  
 volume and left for 15 minutes at 121ºc and 15 Ib/sq in. in the autoclave. The melted 
  
media had been divided in Petri dishes about 15 ml for each one. 
 
                                                                                                                 
:of diluent terilizationS*  
 
                9 ml distilled water was filled in each test tube and sterilized at 121ºc and  
  
 15 Ib/sq in. for 15 minutes in the autoclave. 
 
 
 :organisms-Testing the viability of standard micro*  
 
                1 ml of sterile nutrient broth had been inoculated with loop full of 
 
 Escherichia coli, left for 24 hours in 34.6 ºc then transferred to tryptone soya agar 
 
 slant again kept for 24 hours in 32.6 ºc. the bacterial growth has been harvested. 1 ml  
  
 of the harvest transferred to 9 ml test tube. Serial dilution has been done in order to  
  
 get different bacterial suspension dilutions; starting from 10- 1010 CFU/ml, this is 
 
 judged by Mc Farland scale. 1 ml from each dilution of the bacterial suspension has  
  
 been poured on the surface of tryptone soya agar plate. Two plates has been  
 
inoculated to ensure the growth of available micro-organisms.                                             
                                       
Note: the same has been done for Pseudomonas aeruginosa. 
  
               1 ml of sterile nutrient broth had been inoculated with loop full of 
 
Candida  albicans, left for 24 hours in 25 ºc and then transferred to sabouraud  
 
glucose agar slant and kept for 48 hours in 32 ºc. The fungal growth has been  
 
harvested. 1 ml of the harvest is transferred to 9 ml test tube. Serial dilution has been 
 
 done in order to get different fungal suspension dilutions; starting from 10- 1010  
 
CFU/ml. 1 ml from each dilution of the fungal suspension has been poured on the 
 
 surface of sabouraud glucose agar plate. Two plates have been inoculated to ensure 
 
 the growth of available micro-organisms. 
34 
 
  
* Preparation of Mc Farland scale:   
  
            Mc Farland scale was prepared from BaCl2 1% and H2SO4 1% combination in 
 
 different concentrations and each combination was represented with a number in the 
 
 scale as follows:  
                                                                                
1% BaCl2/ 1% H2SO4 (ml)Mc Farland scale 
0.05/ 9.95 0.5 
0.1/ 9.9  1 
0.2/ 9.8 2 
0.3/ 9.7 3 
0.4/ 9.6 4 
0.5/ 9.5 5 
0.6/ 9.4 6 
0.7/ 9.3 7 
0.8/ 9.2 8 
0.9/ 9.1 9 
1.0/ 9.0 10 
 
Table no.7: Mc Farland scale.  
  
* Test procedure: 
  
         1 ml of sterile nutrient broth had been inoculated with loop full of  
 
Escherichia coli, left for 24 hours at 30 ºc then transferred to tryptone soya agar slant,  
 
and again kept for 24 hours at 31.6 ºc. The bacterial growth has been harvested. 1 ml 
 
 of the harvest transferred to 9 ml distilled water in test tube. Serial dilution has been 
 
 done in order to get different bacterial suspension dilutions; starting from 10-1010 
 
 CFU/ml. Mc Farland scale which was prepared as mentioned before has been used to  
  
 give visual estimation for CFU/ml in Escherichia coli suspension.                                     
   
1% BaCl2/ 1% H2SO4 (ml)CFU 
(x106/ml)
Mc Farland scale 
0.05/ 9.95   ‹300 0.5 
0.1/ 9.9  300 1 
0.2/ 9.8 600 2 
0.3/ 9.7 900 3 
0.4/ 9.6 1200  4 
0.5/ 9.5 1500 5 
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0.6/ 9.4 1800 6 
0.7/ 9.3 2100 7 
0.8/ 9.2 2400 8 
0.9/ 9.1 2700 9 
1.0/ 9.0 3000 10 
 
 Table no.8: Mc Farland scale gives visual estimation for CFU/ml in Escherichia 
 
 coli suspension. (www.microbiol.org) 
  
             From the serial dilution of the bacterial suspension prepared; test tube 
 
 number 4 with the concentration 3x106 CFU/ ml has been chosen to inoculate 
 
 the eye drop samples to get an inoculum of 105 micro-organisms per ml of 
 
 the preparation. The volume of the suspension of inoculum does not exceed 
 
 1% of the volume of the product (BP. 1988, Appendix XVIC A191)  as follows: 
 
Inoculation volume (µl) Eye drop volume (ml) 
100 10 
50  5 
 
Table no.9: Volumes of inoculation & eye drop samples. 
 
           6 hours after the inoculation of the eye drops, 1 ml had been taken 
 
 from each eye drop for serial dilution and added to 9 ml test tube.1 ml from 
 
 each dilution has been poured on the surface of Tryptone soya agar plate. 
 
 Two plates were inoculated to ensure the growth of available Escherichia coli. 
 
 These steps were repeated after 24 hours, 7 days, 14 days and 28 days. 
                                                            
at Candida albicansand  eruginosaPseudomonas athe same was done for  Note: 
  
the suitable temperature using the favorable media. 
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SION SRESULTS AND DISCU 
 
* Eye drops source: 
 
            Eye drop samples have been collected from different community pharmacies  
  
 around Khartoum. The variety of samples offered a wide range of preservatives with 
 
 various concentrations. The samples represent several manufacturers from different  
 
countries. This choice covers different GMP regulations and numerous  
  
 pharmacopoeia and scientific references. 
 
                                                                                                   
* Criteria of acceptance: 
 
              The criteria for evaluation of antimicrobial activity are given in the 
 
 appropriate table below in terms of the log reduction in the number of viable 
 
 micro- organisms using as base- line the value obtained for the inoculum.                          
   
Table(1) parenteral and ophthalmic preparations: 
 
Log reduction 
28d    14d    7d      24h      6h  
                 Bacteria     A         2         3         -       -         NR   
                                    B         -          1         3      -         NI 
 
                  Fungi         A         -          -          2      -          NI 
                                    B         -          -          -       1         NI 
                                                                                                     
      
             The A criteria express the recommended efficacy to be achieved. In 
 
 justified cases where the A criteria can not be attained, for example, for 
 
 reasons of an increased risk of adverse reactions, the B criteria must be 
 
 satisfied. 
  
 NI: no increase.                              NR: no recovery.  
 
(BP. 1988, Appendix XVIC A192). 
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:organisms-testing the viability of standard micro* Results of  
 
1) Escherichia coli: 
  
   Table no.10: Results of testing the viability of standard Escherichia coli. 
   
CFU/ml
11/9/07 
CFU/ml
10/9/07 
CFU/ml
9/9/07 
CFU/ml
8/9/07 
CFU/ml 
7/9/07 
Test tube 
no. 
U.C. U.C. U.C. U.C. 18x108 
(>300) 
1  
U.C. U.C.  U.C. U.C. 3x108 
(>300) 
2 
U.C. U.C. U.C. U.C. 107 
 (>300) 
3 
U.C. U.C. U.C. U.C. 106 
 (>300) 
4 
U.C. U.C. U.C. U.C. 105 
 (>300) 
5  
U.C. U.C. U.C. U.C. 104 
 (>300) 
6 
U.C. U.C. U.C. U.C. 103 
 (>300) 
7 
U.C. U.C. U.C. U.C. 102 
 (>300) 
8 
3x103 
(>300) 
15x102 
150 
N.G. N.G. N.G. 9 
U.C. >300 150 150 N.G. 10 
 
  
 
Table no.11: Estimation of test tube no.1 & 2 according to Mc Farland scale. 
 
Mc Farland scaleTest tube no.
6 1 
1 2 
  
U.C.: Un Countable.                        
 
N.G.: No Growth 
 
* Test tubes no.1 & 2 are estimate according to Mc Farland scale due to 
 
 uncountable culture. 
  
* Test tubes no.3 to 10 are serial dilution from Mc Farland estimate. (Ten fold 
 
 dilution). 
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2) Pseudomonas aeruginosa: 
  
Table no.12: Results of testing the viability of standard Pseudomonas aeruginosa. 
 
CFU/ml
11/9/07 
CFU/ml
10/9/07 
CFU/ml
9/9/07 
CFU/ml
8/9/07 
CFU/ml 
7/9/07 
Test tube no.
U.C. U.C. U.C. U.C. 12x108 
(>300) 
1  
U.C. U.C. U.C. U.C. 6x108 
(>300) 
2 
U.C. U.C. 3x109 
(>300) 
N.G. N.G. 3 
U.C. U.C. U.C. U.C. 3x108 
(>300) 
4 
U.C. U.C. U.C. U.C. 3x107 
(>300) 
5  
U.C. U.C. U.C. 3x106 
(>300) 
152x 104
152 
6 
U.C. U.C. U.C. 3x105 
(>300) 
31x 103 
31 
7 
U.C. U.C. 3x104 
(>300) 
2x104 
200  
N.G. 8 
U.C. U.C. U.C. 3x103  
(>300) 
N.G. 9 
U.C. U.C. 3x102  
(>300) 
N.G. N.G. 10 
  
  
  
Table no.13: Estimation of test tube no.1 & 2 according to Mc Farland scale. 
 
 
Mc Farland scaleTest tube no.
4 1  
2 2  
  
U.C.: Un Countable.                        
 
N.G.: No Growth 
 
* Test tubes no.1 & 2 are estimate according to Mc Farland scale due to 
 
 uncountable culture. 
  
* Test tubes no.3 to 10 are serial dilution from Mc Farland estimate. (Ten fold 
 
 dilution). 
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3) Candida albicans: 
  
  
Table no.14: Results of testing the viability of standard Candida albicans.   
 
CFU/ml
11/9/07 
CFU/ml
10/9/07 
CFU/ml
9/9/07 
CFU/ml
8/9/07 
CFU/ml 
7/9/07 
Test tube no.
U.C. U.C. U.C. U.C. 15x108 
(>300) 
1 
U.C. U.C. U.C. U.C. 6x108 
(>300) 
2 
U.C. U.C. U.C. U.C. 107 
 (>300) 
3 
U.C. U.C. U.C. U.C. 106 
 (>300) 
4 
U.C. U.C. U.C. U.C. 105 
 (>300) 
5  
U.C. U.C. U.C. 3x106 
(>300) 
128x104
128 
6 
U.C. U.C. U.C. 3x105 
(>300) 
5x103 
5 
7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
  
    Table no.15: estimation of test tube no.1 & 2 according to Mc Farland scale.   
 
Mc Farland scaleTest tube no.
5 1 
2 2 
 
U.C.: Un Countable.                        
 
N.G.: No Growth. 
 
 
* Test tubes no.1 & 2 are estimate according to Mc Farland scale due to 
 
 uncountable culture. 
 
  
* Test tubes no.3 to 10 are serial dilution from Mc Farland estimate. (Ten fold 
 
 dilution). 
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 * Results of efficacy of antimicrobial preservative test:  
 
              Each number stands for specific sample as shown in table no. 16 below. 
 
Table no. 16: sample numbering.  
 
8 7 6 5 4 3 2 1 Sample 
no. 
Naclof 
eye 
drops 
Matorane 
0.5% eye 
drops 
Spersallerg 
eye drops   
Ophtamesone 
eye, ear and 
nose drops 
Colircusí 
Cicloplej'ico 
eye drop 
Rinosin 
nasal and 
ophthalmic 
drops 
Ocumethyl 
eye drops 
Flumetol 
Semplice 
eye drops 
Product 
name 
 
  
- Micro-organism: Escherichia coli 
  
- Incubator temperature: 31.0 ºc- 32.2 ºc 
 
- Sampling interval: 6 hours. 
                  
 . Table no.17: Sample no. 1 growth after 6 
hours  
 
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
                                                 
  
Table no.18: Sample no. 2 growth after 6 hours. 
  
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G.  N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
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Table no.19: Sample no. 3 growth after 6 hours  
 
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G.N.G.N.G.N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
  
  
Table no.20: Sample no. 4 growth after 6 hours. 
                                                       
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
 
 
Table no.21: Sample no. 5 growth after 6 hours.  
 
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G.N.G.N.G.N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
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Table no.22: Sample no. 6 growth after 6 hours.  
  
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
Table no.23: Sample no. 7 growth after 6 hours. 
 
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G.  N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G.N.G.N.G.N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
                                       
Table no.24: Sample no. 8 growth after 6 hours. 
 
29/9/07 28/9/07 27/9/07 26/9/07 25/9/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
N.G.: No Growth 
 
        Similar results were obtained for exposure times of 24 hrs, 7 days, 14 days and 28  
 
days for all samples. 
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- Micro-organism: Pseudomonas aeruginosa. 
  
- Incubator temperature: 33.8 ºc.  
 
- Sampling interval: 6 hours.                          
  
Table no.25: Sample no. 1 growth after 6 hours.   
  
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
                
Table no.26: Sample no. 2 growth after 6 hours  
  
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
Table no.27: Sample no. 3 growth after 6 hours. 
 
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
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Table no.28: Sample no. 4 growth after 6 hours. 
                                                               
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
 
Table no.29: Sample no. 5 growth after 6 hours.  
  
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
 
Table no.30: Sample no. 6 growth after 6 hours.  
  
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
   
    
                                                               
45 
 
  
  
  
Table no.31: Sample no. 7 growth after 6 hours. 
 
 
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
  
 
Table no.32: Sample no. 8 growth after 6 hours.                                                              
 
  
4/11/07 3/11/07 2/11/07 1/11/07 31/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
 
N.G.: No Growth 
 
        
        Similar results were obtained for exposure times of 24 hrs, 7 days, 14 days and  
  
 28 days for all samples. 
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- Micro-organism: Candida albicans. 
  
- Incubator temperature: 32.4 ºc.  
 
- Sampling interval: 6 hours.                         
                                                                  
Table no.33: Sample no. 1 growth after 6 hours. 
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
Table no.34: Sample no. 2 growth after 6 hours. 
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
Table no.35: Sample no. 3 growth after 6 hours. 
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
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Table no.36: Sample no. 4 growth after 6 hours. 
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
  
  
Table no.37: Sample no. 5 growth after 6 hours. 
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
  
Table no.38: Sample no. 6 growth after 6 hours.  
 
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
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Table no.39: Sample no. 7 growth after 6 hours.  
  
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube 
no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
Table no.40: Sample no. 8 growth after 6 hours.  
  
23/10/07 22/10/07 21/10/07 20/10/07 19/10/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
N.G.: No Growth 
        
        Similar results were obtained for exposure times of 24 hrs, 7 days, 14 days and  
 
28 days for all samples. 
   
               With reference to table no.41 below it has been found that Spersallerg eye 
 
drops; Novartis ophthalmics AG Hettlingen for Novartis Pharma AG Basle; contains 
 
 benzalkonium chloride 0.05 mg/ ml, clearly it is half the   limit stated in the Hand 
 
 book of pharmaceutical excipients which is 0.1 mg/ ml. When asked the  
 
manufacturer gave this explanation: "The limit of 0.1 to 0.2 mg/ml referred to  in the 
 
 Hand Book of Pharmaceutical Excipients for benzalkonium chloride of course means 
 
 the upper limit. Since preservatives may cause eye irritation and are often responsible 
 
 for hypersensitivity reactions to preserved eye drop formulations, the preservative 
49 
 
 
 concentration is always chosen to be the minimal concentration necessary to 
 
 guarantee sterility of the product as determined by sterility testing, and depends on 
 
 the formulation. Many preserved eye drops contain 0.1 mg/ml Benzalkonium 
 
 chloride; some products need more, some less to fulfill the sterility requirements. 
 
 Voltaren CD preserved with 0.05 mg/ml benzalkonium chloride complies with 
 
 sterility tests according to Ph. Eur. A (i.e. the highest standard)." 
                                                                                               
Table no.41: Preservative concentration (mg/ ml) in eye drops & the Limits of 
 
 Preservative concentration (mg/ml) in reference.  
  
Limit of Preservative 
concentration    
(mg/ml )
Preservative 
concentration 
( mg/ ml) 
Preservative  Product nameSample 
no.
0.1-0.20.1  Benzalkonium 
chloride
Flumetol Semplice 
eye drops
1
0.1-0.20.8Benzalkonium 
chloride
Ocumethyl eye 
drops 
2
0.050.02CetrimideRinosin nasal and 
ophthalmic drops 
3
0.15-2 and 0.05-0.1 
respectively. 
0.03 and 0.02 
respectively.
Methyl para 
hydroxy benzoate 
and 
 Propyl para 
hydroxy benzoate 
    
Colircusí 
Cicloplej'ico eye 
drop
4
0.1-0.20.2Benzalkonium 
chloride 
Ophtamesone eye, 
ear and nose drops 
5
0.1-0.20.05Benzalkonium 
chloride 
Spersallerg eye 
drops  
6
0.1-0.20.1 Benzalkonium 
chloride
Matorane 0.5% eye 
drops
7
0.01-1.50.04ThiomersalNaclof eye drops8
                  
                 Rinosin nasal and ophthalmic drops; Pharco pharmaceuticals Alexandria;  
  
 contains cetrimide at a concentration of  0.02 mg/ml which is below the limit of the  
  
 Hand book of pharmaceutical excipients that is 0.05 mg/ml. Ocumethyl eye drops; 
 
 Alexandria co. for pharmaceuticals; includes benzalkonium chloride 0.8 mg/ ml 
 
 which is four folds the maximum limit of the Hand book of pharmaceutical 
excipients which is 0.2 mg/ml. 
 
* Validation of the test procedure:  
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1) Validation methodology: 
 
          The validation methodology has been abstracted from BP 2007. The inoculums  
  
 size has been increased to make the test more astringent. 1 ml of sterile nutrient broth 
 
 was inoculated with a loop full of Escherichia coli suspension and  left for 24 hours  
  
 at 30 ºc then transferred to tryptone soya agar slant, and again kept for 24 hours at  
  
 30.3ºc. The bacterial growth was harvested. 1 ml of the harvest was transferred to 9  
  
 ml test tube. Serial dilution was done in order to get different bacterial suspension 
 
 dilutions. Mc Farland scale which was used to give visual estimation for CFU/ml in  
  
 Escherichia coli suspension; as shown in table no. 42: 
 
Table no. 42: Validation methodology inoclulm concentration and size. 
 
 
Inoculum size 
CFU/ml
Sample 
volume(ml)
Volume of 
inoculation 
Sample inoculatedMc 
Farland 
scale 
CFU/ml
Item
108 
 
108 
 
 
108 
5 
 
10 
 
 
500  
50 µl 
 
100 µl  
 
 
5 ml  
Naclof eye drops. 
 
Ophtamesone eye, ear 
and nose drops. 
 
NS 500 ml (Control) 
109 
 
109 
  
  
109 
Harvest 
107 
 
 
107 
10 
 
 
10 
100 µl  
  
  
100 µl  
 
Flumetol Semplice eye 
drops. 
 
Rinosin nasal and 
ophthalmic drops
6x108 
 
  
6x108 
 
Test 
tube no. 
1 
106 
 
 
106 
 
10 
 
 
10 
100 µl  
 
 
100 µl  
 
Spersallerg eye drops. 
 
Colircusí Cicloplej'ico 
eye drop 
107 
 
 
107 
 
Test 
tube no. 
2 
 
                      
6 hours after the inoculation of the eye drops, 1 ml was taken from each eye drop for 
 
 serial dilution and added to 9 ml test tube. 1ml from each dilution was poured on the 
 
 surface of Tryptone soya agar plate. Two plates were inoculated to ensure the growth 
 
 of available Escherichia coli. These steps were repeated after 24 hours, 7 days, 14 
 
 days and 28 days.  
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2) Results of validation method: 
  
              
              The following results were obtained for eye drops and the control; each  
 
number stands for specific sample as shown in table no. 43. 
 
  
Table no. 43: sample numbering. 
  
8 6 5 4 3 1 Sample no. 
Naclof 
eye 
drops 
Spersallerg 
eye drops   
Ophtamesone 
eye, ear and 
nose drops 
Colircusí 
Cicloplej'ico 
eye drop 
Rinosin 
nasal and 
ophthalmic 
drops 
Flumetol 
Semplice 
eye drops 
Product name 
  
 
 
- Micro-organism: Escherichia coli. 
 
- Incubator temperature: 30.6 ºc- 31.0 º 
 
- Sampling interval: 6 hours.  
                            
 - Microbial count: 109 CFU/ml 
 
 
 
Table no.44: Sample no. 1 growth after 6 hours. 
  
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
1 111N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G.N.G.N.G.N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G.  N.G. N.G. 10 
  
  
 
  
  
  
 
Table no.45: Sample no. 3 growth after 6 hours. 
  
 
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
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N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
1 N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
1 N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
 
N.G.: No Growth 
  
   * Growth in test tubes no. 3 & 7 is possibly contamination.  
 
 
 
  - Micro-organism: Escherichia coli.  
 
- Incubator temperature: 30.6 ºc- 31.0 ºc  
 
- Sampling interval: 24 hours.  
 
                
 
Table no.46: Sample no. 1 growth after 24 hours. 
 
  
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G.N.G.N.G.N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
  
  
 
  
Table no. 47: Sample no. 3 growth after 24 hours.  
                                                              
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
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N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
N.G.: No Growth 
        
        Similar results were obtained for exposure times of 7 days, 14 days and 
 
 28 days for all samples. 
  
  
            ***************************************************  
 
 
- Micro-organism: Escherichia coli.  
  
 - Incubator temperature: 30.6 ºc- 31.0 ºc.  
  
- Sampling interval: 6 hours.  
 
- Microbial count: 108 CFU/ml                                                               
    
Table no.48: Sample no. 4 growth after 6 hours. 
 
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
2 2 2 1 1 8 
N.G. N.G.N.G.N.G.N.G. 9 
N.G. N.G.N.G.N.G.N.G. 10 
    
* Growth in test tube no. 8 is possibly a contamination. 
 
 
 
 
Table no.49: Sample no. 6 growth after 6 hours. 
 
 
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G.N.G.N.G.N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
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N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
 
N.G.: No Growth 
 
 
                  
- Micro-organism: Escherichia coli.  
  
 - Incubator temperature: 30.0 ºc.  
 
- Sampling interval: 24 hours.  
 
               
    
Table no.50: Sample no. 4 growth after 24 hours. 
 
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
1 1 N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
                         
  
* Growth in test tube no. 7 is possibly a contamination. 
 
  
  
 
 
 
Table no.51: Sample no. 6 growth after 24 hours. 
  
 
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G.N.G.N.G.N.G. 1 
N.G. N.G.N.G.N.G.N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G.N.G.N.G.N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
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N.G. N.G. N.G. N.G. N.G. 10 
 
 
N.G.: No Growth  
 
  
- Micro-organism: Escherichia coli.  
  
- Incubator temperature: 30.0 ºc. 
 
- Sampling interval: 7 days.   
 
               
    
Table no.52: Sample no. 4 after 7 days. 
 
13/12/07 12/12/07 11/12/07 10/12/07 9/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G.N.G.N.G.N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G.N.G.N.G.N.G. 9 
N.G. N.G.N.G.N.G.N.G. 10 
            
  
  
  
  
  
  
  
Table no.53: Sample no. 6 after 7 days. 
 
 
13/12/07 12/12/07 11/12/07 10/12/07 9/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G.N.G.N.G.N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  N.G.: No Growth 
         
        Similar results were obtained for exposure times of 14 days and 28 days 
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 for all samples. 
 
 
            ***************************************************                  
 
 
- Micro-organism: Escherichia coli.  
  
 - Incubator temperature: 30.6 ºc- 31.0 ºc.  
 
- Sampling interval: 6 hours.  
 
- Microbial count: 107 CFU/ml 
                                                                                          
    
Table no.54: Sample no. 5 growth after 6 hours. 
 
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
 
Table no.55: Sample no. 8 growth after 6 hours.  
  
 
6/12/07 5/12/07 4/12/07 3/12/07 2/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
1 1N.G.N.G.N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
  
  
N.G.: No Growth  
  
  
* Growth in test tube no. 7 is possibly a contamination. 
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- Micro-organism: Escherichia coli. 
  
 - Incubator temperature: 30.3 ºc- 31.0 ºc.  
  
- Sampling interval: 24 hours.                 
  
    
Table no.56: Sample no. 5 growth after 24 hours. 
  
  
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G. N.G. N.G. N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
                                              
  
  
                                                                       
Table no.57: Sample no. 8 growth after 24 hours. 
  
 
7/12/07 6/12/07 5/12/07 4/12/07 3/12/07 Test tube no. 
N.G. N.G. N.G. N.G. N.G. 1 
N.G. N.G. N.G. N.G. N.G. 2 
N.G. N.G. N.G. N.G. N.G. 3 
N.G. N.G. N.G. N.G. N.G. 4 
N.G. N.G. N.G. N.G. N.G. 5 
N.G. N.G. N.G. N.G. N.G. 6 
N.G. N.G.N.G.N.G.N.G. 7 
N.G. N.G. N.G. N.G. N.G. 8 
N.G. N.G. N.G. N.G. N.G. 9 
N.G. N.G. N.G. N.G. N.G. 10 
 
N.G.: No Growth 
 
 
        Similar results were obtained for exposure times of 7 days, 14 days and  
  
 28 days for all samples. 
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Picture no. (1) and (2) which show the result of cultivation of 1st dilution of  
 
Flumetol Semplice eye drops after 6 hours (upper petri dish), result of  
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cultivation of 8th dilution of Spersallerg eye drops after 6 hours (lower left petri 
 
 dish), result of cultivation of 7th dilution of Naclof eye drops after 6 hours ( 
 
 lower right petri dish).   
  
  
  
  
  
  
Picture no. (3) and (4) which show the result of cultivation of 3rd  and 7th 
 
 Dilutions of Rinosin nasal and ophthalmic drops after 6 hours (left petri dish)  
 
and (right petri dish) respectively.   
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Picture no. (5) and (6) which show the result of cultivation of 7th dilution of 
 
 Spersallerg eye drops after 24 hours.   
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Picture no. (7) and (8) which show the result of cultivation of 3rd dilution of 
 
 Ophtamesone eye, ear and nose drops after 14 days (left petri dish) and result 
 
 of cultivation of 10th dilution of  Naclof eye drops after 14 days (right petri 
 
 dish).  
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- Micro-organism: Escherichia coli.  
  
- Incubator temperature: 30.0 ºc- 30.2 ºc.  
  
- Sampling interval: 6 hours.   
             
 - Microbial count: 109 CFU/ml                                  - Sample NS 0.9% 
 
  
Table no.58: Sample of NS 0.9% growth after 6 hours. 
 
 
29/1/07 28/1/07 27/1/07 26/1/07 25/1/07 Test tube no. 
U.C. U.C. U.C. U.C. U.C. 1 
U.C. U.C. U.C. U.C. U.C. 2 
U.C. U.C. U.C. U.C. U.C. 3 
U.C. U.C. U.C. U.C. U.C. 4 
U.C. U.C. U.C. U.C. 73 5 
U.C. U.C. U.C. U.C. 61 6 
U.C. U.C. U.C. U.C. 58 7 
U.C. U.C. U.C. 38 4 8 
U.C. U.C. U.C. 17 3 9 
U.C. U.C. U.C. 6 2 10 
 
 
 
- Micro-organism: Escherichia coli. 
  
 - Incubator temperature: 30.0 ºc- 30.2 ºc.  
  
- Sampling interval: 24 hours. 
                
    
Table no.59: Sample of NS 0.9% growth after 24 hours. 
 
 
30/1/07 29/1/07 28/1/07 27/1/07 26/1/07 Test tube no. 
U.C. U.C. U.C. U.C. U.C. 1 
U.C. U.C. U.C. U.C. U.C. 2 
U.C. U.C. U.C. U.C. U.C. 3 
U.C. U.C. U.C. U.C. U.C. 4 
U.C. U.C.  U.C. 168 168 5 
U.C. U.C.  20 20 20 6 
U.C. U.C.  34 18 18 7 
U.C. U.C. 10 5 5 8 
U.C. U.C. 4 3 3 9 
U.C. U.C. 14 8 8 10 
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- Micro-organism: Escherichia coli.  
  
- Incubator temperature: 30.0 ºc- 30.2 ºc.  
 
- Sampling interval: 7 days 
  
    
Table no.60: Sample of NS 0.9% growth after 7 days. 
 
4/2/07 3/2/07 2/2/07 1/2/07 31/1/07 Test tube no. 
U.C. U.C. U.C. U.C. U.C. 1 
U.C. U.C. U.C. U.C. U.C. 2 
U.C. U.C. U.C. U.C. U.C. 3 
U.C. U.C. U.C. U.C. U.C. 4 
U.C. U.C.848484 5 
U.C. U.C.565656 6 
U.C. U.C.  17 17 17 7 
U.C. U.C. 6 6 6 8 
U.C. U.C. 7 7 7 9 
U.C. U.C. 5 5 5 10 
 
 
- Micro-organism: Escherichia coli.  
  
- Incubator temperature: 30.0 ºc- 30.2 ºc. 
 
- Sampling interval: 14 days. 
                 
    
Table no.61: Sample of NS 0.9% growth after 14 days. 
 
11/2/07 10/2/079/2/078/2/077/2/07 Test tube no. 
U.C. U.C. U.C. U.C. U.C. 1 
U.C. U.C. U.C. U.C. U.C. 2 
U.C. U.C. U.C. U.C. U.C. 3 
U.C. U.C. U.C. U.C. U.C. 4 
U.C. U.C. U.C. U.C. U.C. 5 
U.C. U.C. U.C. U.C. U.C. 6 
N.G. N.G.N.G.N.G.N.G. 7 
U.C. U.C. 60 40 N.G. 8 
U.C. U.C. 20 N.G. N.G. 9 
U.C. U.C. 17 N.G. N.G. 10 
 
 
 
 
 
- Micro-organism: Escherichia coli.  
  
 - Incubator temperature: 30.0 ºc- 30.2 ºc.  
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- Sampling interval: 28 days.  
            
    
Table no.62: Sample of NS 0.9% growth after 28 days. 
 
11/2/07 10/2/07 9/2/07 8/2/07 7/2/07 Test tube no. 
U.C. U.C. U.C. U.C. U.C. 1 
U.C. U.C. U.C. U.C. U.C. 2 
U.C. U.C. U.C. U.C. U.C. 3 
U.C. U.C. U.C. U.C. 93 4 
U.C. U.C. U.C.  15 15 5 
U.C. U.C. U.C.  9 8 6 
U.C. U.C. U.C. 11 8 7 
U.C. U.C. U.C. 15 4 8 
U.C. U.C. U.C. 3 1 9 
U.C. U.C. U.C. 2 1 10 
               
  
N.G.: No Growth 
 
U.C.: Un Countable. 
  
  
  
  
Figure no. 6: The figure shows the direct relationship of the Escherichia coli 
 
 growth reduction, with reference to the time  
  
  
     Although the strength of bacterial suspension was increased three folds 
 
 109, two folds 108 and one fold 107, but the products pass the test. There was 
 
 slight growth but still within the limits. 
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        The control organisms succeed to live during the test interval which was 
 
 28 days as the results show.                            
       
                        The test organisms: 
 
Escherichia coli  ATCC      25922 
 
Pseudomonas aeruginosa ATCC     27853 
 
Candida albicans   ATCC    7596 
 
          Approximately show similar responses to different preservatives 
 
 included in the study: Benzalkonium chloride, Cetrimide, Thiomersal, Methyl 
 
 para hydroxy benzoate and Propyl para hydroxy benzoate. So the priority of 
 
 inclusion of a preservative in certain formula over another is its chemical 
 
properties, toxicity or compatibility with the component of the formula rather 
 
 than its antimicrobial activity. The study tested several concentrations of 
 
 Benzalkonium chloride: 0.05, 0.1, 0.2 and 0.8 mg/ ml which all gave invariable 
 
 results when compared. .According to the study  low concentration of 
 
 Benzalkonium chloride  0.05 mg/ml preserve eye drops from contamination. 
 
 High concentration of Benzalkonium chloride 0.8 mg/ml does not exaggerate 
 
 its antimicrobial activity.   So it is better to use Benzalkonium chloride at the 
 
 lowest concentration.           
 
 
 
 
 
  
  
  
  
 
DISCUSSION FURTHER  
  
              Through personal communication the result below of Gentamycin eye drop 
 
 efficacy of antimicrobial preservation test was obtained. The effect of Gentamycin as 
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 an antibiotic is neglected, because it has been treated in such a way to diminish its  
  
 microbial inhibitory force by adding Lecithin and filtration for several times to  
  
 guarantee the effect of the preservative only.The preservative being used is  
  
 Benzalkonium chloride at a concentration of 0.02% (0.2 mg/ml). It can be clearly 
 
 noticed that there was a difference in the numbers of ATCC of the microorganisms 
 
 being used in the study and Gentamycin eye drop test, respectively: 
 
 Escherichia coli  ATCC 25922                        Escherichia coli  ATCC 8739 
Pseudomonas aeruginosa ATCC 27853   &    Pseudomonas aeruginosa ATCC 9027  
Candida albicans  ATCC  7596                      Candida albicans  ATCC 10231 
 
This happens as a result of the difficulty to get the exact ATCC microorganism in  
  
 Sudan. ATCC microorganism are highly specific and sensitive, the available  
  
 microorganisms have been passed several times. Passage is the transfer of an 
 
 inoculum of cells from an existing culture to fresh growth medium in another vessel. 
 
 Each transfer (i.e., subculture) is counted as an additional passage. Some  
 
organizations have recommended, and ATCC concurs, that strains being used in 
 
 standard test methods should not be used beyond five passages from the original 
 
 ATCC vial. ATCC defines the first passage as the first broth or agar culture started 
 
 from the culture vial supplied by ATCC. Actively growing cultures are subject to 
 
 genetic drift, accidental loss, contamination at time of subculture, human error in 
 
 transfer and labeling, and selection of mutant lines (Brown and Gilbert 1994). 
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The above mentioned results create the following charts: 
 
 
 
 
Figure 7: The figure shows the direct relationship of the Escherichia coli 
 
 growth reduction, with reference to the time. 
 
 
 
 
 
  
  
Figure 8: The figure shows the direct relationship of the Pseudomonas 
 
 aeruginosa growth reduction, with reference to the time.  
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Figure 9: The figure shows the direct relationship of the Candida albicans  
 
growth reduction, with reference to the time.  
  
  
           Adverse reactions of benzalkonium chloride have been reported by  
 
Swan on it research found that repeated use of benzalkonium chloride  
 
at concentrations of 1:5000 (0.02%) or stronger can denature corneal protein  
  
 and cause irreversible damage to the eye. He  also found that 0.04% to 
 
 0.05% solutions of benzalkonium chloride can cause punctures of the corneal 
 
 epithelium. 
 
            Benzalkonium chloride (BAC), the most widely used preservative in 
 
 ophthalmic solutions, acts on the ocular surface through toxic or immunoallergic 
 
 reactions. Due to its surfactant properties, this quaternary ammonium strongly 
 
 decreases lachrymal fluid stability. It also causes toxic effects to epithelial cells and 
 
 increases corneal permeability. In vivo, strong histopathological changes are 
 
 observed after topical treatments with preservatives, including infiltration by 
 
 inflammatory cells, similar to those induced in humans by long-term topical 
 
 treatments. A series of in vitro experiments were designed to confirm the toxicity of  
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BAC, even at very low concentrations. In vitro, BAC induces cell necrosis at the 
 
 concentrations found in most eye drops after few minutes, and apoptosis when 
 
 applied at lower concentrations. This apoptotic phenomenon is confirmed by  
 
4',6- diamidimo-2-phenylindole, dilactate (DAPI) coloration and with the use of flow 
 
 cytometry. A decrease in cell size is observed with BAC at 0.001% and is confirmed 
 
 by morphological assay. An overexpression of Apo 2.7 associated with an 
 
 increase of sub G1 phase cells is also shown. BAC induces irreversible cytotoxic 
 
 damages with some characteristics of apoptosis in a concentration- dependent  
 
manner. (Debbasch et al, 2000)                    
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  SUMMARY AND CONCLUSION 
 
 
              The role of antimicrobial preservative is to prevent the proliferation of 
 
 microorganisms or to limit it. Microbial contamination endangers the  patient through  
 
the infection and causes the spoilage of the pharmaceutical preparation. Testing the  
  
 efficacy of antimicrobial preservation presents a clear picture about the fruitful and  
  
 safe use of pharmaceutical products. 
                  
               The study covers five preservatives; Benzalkonium chloride, Cetrimide, 
 
 Thiomersal, Methyl para hydroxy benzoate and Propyl para hydroxy benzoate at 
 
 different concentrations. This collection represents all preservatives being used in 
 
 products circulating in the Sudanese market. The eye drop samples which include the  
  
 above mentioned preservatives are: Rinosin nasal and ophthalmic drops (Pharco  
  
 pharmaceuticals- Alexandria; Egypt), Flumetol Semplice eye drops (Farmila- Thea 
 
 Farmaceutici; Italy), Colircusí Cicloplej'ico eye drop (Alcon cusí- Barcelona; Spain),  
  
 Spersallerg eye drops ophthalmic solution (Novartis ophthalmics AG Hettlingen for 
 
 Novartis Pharma AG Basle; Switzerland), Ocumethyl eye drops (Alexandria co. for 
 
 pharmaceutical- Alexandria; Egypt), Matorane eye drops solution (Lavipharm;  
 
Greece), Ophtamesone sterile drops for eye, ear and nose (Dar Al Dawa, Na'ur;  
 
Jordan) and Naclof eye drops ophthalmic solution(Novartis ophthalmics AG  
  
 Hettlingen for Novartis Pharma AG Basle; Switzerland).  
 
               Although all the samples represent wide range of preservative:   
  
Benzalkonium chloride, Cetrimide, Thiomersal, Methyl para hydroxy benzoate 
 
 and Propyl para hydroxy benzoate at different concentrations, but they show 
 
 acceptable efficacy of antimicrobial preservation when challenged with: 
 
 Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and 
 
 Candida albicans ATCC 7596. This indicates that the choice of the preservative 
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 for a specific formula must not be based on its antimicrobial preservation features 
 
 only, but also acount for its other features such as compatibility with the other 
 
ingredients, safety, chemical activity, toxicity ...etc.  
 
              The study revealed that the concentrations of Benzalkonium chloride 
 
 in Spersallerg eye drops ophthalmic solution (Novartis ophthalmics AG Hettlingen 
 
 for Novartis Pharma AG Basle; Switzerland) and Rinosin nasal and ophthalmic drops  
  
 (Pharco pharmaceuticals- Alexandria; Egypt) are below the limit of the preservative  
  
 stated. (Wade & Weller, 2003). On the other hand Ocumethyl eye drops (Alexandria  
  
 co. for pharmaceutical- Alexandria; Egypt) contains four times the maximum  
  
 concentration of Benzalkonium chloride written in the previously Mentioned  
  
 reference.                                                                                         
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COMMENDATIONSRE  
 
                       Hand book of pharmaceutical excipients stated the limit of 
 
 benzalkonium chloride to be 0.1-0.2 mg/ml. In Ocumethyl eye drop benzalkonium 
 
 chloride has been used at 0.8mg/ml which is four times the maximum limit of safe 
 
 use of benzalkonium chloride as eye drop preservative. Alexandria co. for 
 
 pharmaceuticals- Alexandria through its local agent Ucipharma must be directed by 
 
 The Federal Pharmacy and Poisons Board to lower the concentration of  
 
benzalkonium chloride in Ocumethyl eye drop. 
 
                        Usage of benzalkonium chloride at concentration of 0.05mg/ml can 
 
 excellently preserve eye drops from contamination considering no antimicrobial 
 
 activity of eye drop formula. So there is no need to use benzalkonium chloride at 
 
 higher concentrations. So it is better to use benzalkonium chloride at low 
 
 concentration. 
       
                       The samples contain different preservatives: Benzalkonium chloride, 
 
 Cetrimide, Thiomersal, Methyl para hydroxy benzoate and Propyl para hydroxy  
 
benzoate at different concentrations, but they show acceptable efficacy of 
 
 antimicrobial preservation when challenged with: 
 
 Escherichia coli ATCC  25922, Pseudomonas aeruginosa ATCC 27853 and 
 
 Candida albicans ATCC 7596. So the choice of the preservative for a specific 
 
 formula must not be based on its antimicrobial preservation features only, but also  
  
 account for its other features such as compatibility with the other ingredients, safety,  
  
 chemical activity, toxicity …etc. 
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